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Introduction 


At  the  request  of  the  IRAS  Project  Office  and  with  support  from  JPL  and 
NASA  Headquarters,  a comprehensive  study  was  conducted  to  determine  and 
define  the  radiation  environment  of  the  IRAS  mission.  Initially  limited 
in  its  objective,  the  scope  of  the  study  was  later  expanded  to  include 
recently  implemented  special  data  processing  and  analysis  methods  that 
produced  novel  types  of  results  and  display  products. 

The  material  in  this  report  is  structured  and  organized  in  a fashion 
parallel  to  that  of  a similar  report  on  the  radiation  environment  of  the 
Space  Telescope  (X-601-78-30,  October  1978).  Also,  the  pattern  estab- 
lished and  the  style  adopted  in  the  ST  report  is  being  closely  followed 
in  the  present  writing.  It  is  hoped  that  this  arrangement  may  facilitate 
the  complimentary  use  of  the  two  documents,  thereby  providing  the  largest 
amount  of  environment  information  and  radiation  data  to  the  greatest 
number  of  users  and  covering  the  widest  possible  range  of  application  areas. 

The  new  analysis-features  introduced  in  this  report  pertain  to: 

1.  Positional  Fluxes  as  a function  of  time  and  energy  for  the 
most  severe  pass  through  the  S^outh  Atlantic  Anomaly  (SAA). 

2.  Total  positional  doses  as  a function  of  time  and  shield 
thickness  for  the  most  severe  pass  through  the  SAA. 

3.  Special  comparison  mapping  fluxes,  for  ratios  of  positional 
intensities  to  orbit  integrated  averages,  in  terms  of  several 
energies. 

4.  Statistical  exposure-time  history  of  trajectory  as  a function 
of  energy,  indicating,  in  percent  of  total  mission  duration, 
the  time  intervals  over  which  the  instantaneous  fluxes  would 
exceed  the  orbit  integrated  averages. 

Because  the  attainment  of  nominal  orbit  is  not  always  achieved  during 
launch,  the  study  effort  was  extended  beyond  the  targeted  flight  path 
to  higher  and  lower  altitudes,  in  order  to  provide  some  information 
in  case  the  final  trajectory  should  be  different  from  the  planned  nominal. 
This  additional  effort  involves  orbital  flux  integrations  only  and  not 
special  processing  and  analysis. 

Extensive  calculations  were  performed  and  a large  data  base  was  generated, 
processed,  and  analyzed.  The  results  of  this  work  are  presented  in  a 
transparent  way  to  facilitate  their  use: 

As  guidelines  for  laboratory  radiation  studies  of  optical,  electronic, 
and  detector  components; 

As  a source  of  information  for  the  investigators  on  the  environment 
(average  and  instantaneous)  in  which  their  instruments  must  operate;  and 

As  the  boundary  conditions  for  calculating  the  radiation  environment 
interior  to  the  spacecraft. 


Following  the  precedent  established  with  ST,  the  external  (surface 
incident)  charged  particle  radiation,  predicted  for  the  IRAS  satellite 
was  determined  in  two  ways:  (a)  by  orbital  flux  integration  for  three 

selected  mission  altitudes  and  (b)  by  geographical  instantaneous  flux- 
mapping for  the  nominal  flight-path  altitude.  The  latest  standard 
models  of  the  environment  were  used  in  the  calculations. 

Magnetic  field  definitions  for  three  nominal  circular  trajectories  and 
for  the  geographic  mapping  positions  were  obtained  from  a current  field 
model . 

Spatial  and  temporal  variations  or  conditions  affecting  the  static 
environment  models  were  considered  and  accounted  for,  wherever  possible. 

Finally,  limited  shielding  and  dose  evaluations  were  performed  for  a 
simple  geometry. 

Results,  given  in  graphical  and  tabular  form,  are  analyzed,  explained, 
and  discussed.  Conclusions  are  presented  and  commented  on. 


2-  SPECIFICATION  OF  ORBITS 


The  analysis  was  based  on  three  nominal  circular  orbits  with  altitudes 
of  600,  900,  and  1200  kilometers,  and  all  with  inclination  of  about  99 
degrees . 


3.  GENERATION  OF  TRAJECTORIES 


A flight  path  emphemeris  was  generated  for  each  selected  orbit  with  the 
GEODYN-BLCONV  System^  for  trajectories  of  24-hour  duration  defined  at 
2-minute  intervals.  The  length  of  simulated  orbit  time  and  the  integra- 
tion stepsize  were  especially  selected  so  as  to  provide  sufficient  point 
density  to  insure  an  adequate  sampling  of  the  ambient  radiation  environ- 
ment when  flying  the  trajectories  through  the  models.  The  trajectories 
were  subsequently  converted  from  geodetic  polar  to  magnetic  B-L  coordinates 
with  Mcllwain's  INVAR  program  of  1965^  and  the  field  routine  ALLMAG, ^ 
which  now  utilizes  the  BARRACLOUGH  1975  field  model . “ The  field 
computations  were  extrapolated  to  the  tentative  mission  epoch  of  1980.0 
with  linear  time  terms  representing  secular  variations  of  the  field. 


4.  FLIGHT  PATH  EXPOSURE  TO  TRAPPING  DOMAINS 


The  specified  nominal  flight-path  configuration  (i=99“,  h=900  km)  displays 
a significant  characteristic  of  polar  orbits  in  magnetic  L-  space:  they 
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traverse  the  entire  terrestrial  radiation  belt  twice  during  each 
revolution,  moving  back  and  forth  through  regions  of  low  L values 
(the  inner  zone:  1.0  < L ^ 2.8),  regions  of  high  L values  (the  outer 
zone:  2.8  < L < 12),  and  regions  outside  the  trapping  domain  (external). 
Occasionally,  some  revolutions  will  also  enter  regions  of  space  where 
no  particle  trapping  can  occur  because  of  atmospheric  cut-off  con- 
ditions; that  is,  trajectory  segments  may  have  a combination  of  magnetic 
B and  L values  that  place  them  outside  the  atmospheric  cut-off  limits 
of  the  models. 

These  excursions  and  the  "external"  visitations  afford  the  satellite  an 
amount  of  flux-free  time,  which  may  be  of  substantial  duration. 


5.  GEOGRAPHIC  FLUX-MAPPING 


A.  Range  and  Altitude 

The  geographic  mapping  activity  was  limited  to  the  h=900  kilometer  altitude. 
It  extended  in  geodetic  latitude  (J))  from  81°N  to  86"S,  covering  all  lon- 
gitudes (^)  from  180°W  to  180°E.  Grid  points  were  generated  at  increments 
of  Aa  = 1“  and  Af  = 3“. 

B.  Magnetic  Parameters  and  Flux  Calculations 

The  magnetic  B-L  parameters  corresponding  to  the  grid  positions  were  obtained 
with  the  same  set  of  programs  as  in  the  trajectory  conversion  (INVAR,  ALLMAG, 
BARRACLOUGH) , and  for  the  same  epoch  (1980.0). 

Instantaneous  integral,  omnidirectional  electron  and  proton  fluxes  at  the 
grid  points  were  obtained  for  several  energy  thresholds  (Ep  ^ -04,  .25,  .50, 
T.O,  2.,  3.,  4.,  5.,  6.,  MeV;  Ep  > .04,  .50,  1.,  5.,  15.,  30.,  50.,  100., 

300.  MeV). 


6.  GEOGRAPHIC  COMPARISON  MAPPING:  FLUX  RATIOS 


A.  Range  and  Altitude 


Same  as  in  preceeding  section  with  same  density  of  grid  points. 

B.  Magnetic  Parameters  and  Flux  Calculations 

Same  as  in  preceeding  section.  However,  ratios  of  instantaneous  integral, 
omnidirectional  electron  and  proton  fluxes  to  orbit  integrated  averages 
at  the  grid  points,  were  obtained  for  some  different  energy  thresholds 
(Eg  > .5,  1,  2,  3,  4,  5,  6;  Ep  > 5,  10,  30,  50,  100,  200,  500). 
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7.  TRAPPED  PARTICLE  ENVIRONMENT  MODELS 


The  fluxes  in  this  study  were  obtained  from  current  NSSDC  models;  the 
solar  maximum  AE6  for  the  inner  zone  electrons^,  the  new  interim  model 
AEI7  for  the  outer  zone  electrons®,  and  the  solar  maximum  version  of 
the  new  APS  model ^ for  energetic  trapped  protons.  It  should  be  noted 
that  the  interim  AEI7  does  not  reflect  solar  cycle  variations  in  its 
present  state.  However,  this  model  was  issued  in  two  versions,  the 
AEI7-HI  and  the  AEI7-L0,  in  order  to  account  for  differences  in  the  data 
sets  used  in  their  construction.  Both  versions  were  used  in  this  effort. 
All  models  describe  an  average  static  environment  at  a given  epoch. 


8.  GEOMAGNETIC  SHIELDING  AND  SOLAR  FLARE  PROTONS 


Low  altitude  polar  orbits  experience  a significant  amount  of  geomagnetic 
shielding  from  cosmic  rays  of  solar  or  galactic  origin  in  the  energy  range 
E > 10  MeV.  Therefore,  it  may  be  assumed  that  the  IRAS  spacecraft  will 
only  intermittently  be  exposed  to  the  unattenuated  interplanetary  solar 
flare  proton  intensities  of  all  energies  above  10  MeV.  To  a first  approx- 
imation, the  fluxes  may  also  be  considered  omnidirectional  and  isotropic, 
probably  to  within  10-15%. 

Usually,  geomagnetic  shielding  effects  on  geocentric  missions  are  being 
evaluated  with  simple  rigidity  considerations  because  of  substantial 
diurnal  variations  in  the  cutoff  latitude  associated  with  geomagnetic  tail 
effects  (2-4  degrees)  and  storm-induced  changes  ( > 4 degrees).  The 
simple  analysis  used  here  assumed  that  energetic  solar  protons  of  all 
energies  above  10  MeV  have  free  access  to  all  magnetospheric  regions 
external  to  a dipole  shell  of  L=5  earth  radii,  which  is  equivalent  to  a 
cut-off  latitude  of  about  63  degrees. 

Predictions  of  solar  flare  proton  fluxes  at  1 AU  are  obtained  as  a function 
of  mission  duration  j and  confidence  level  on  the  basis  of  a probabil- 
istic analysis®  using  a modified  type  of  Poisson  statistics  by  a computer- 
ized model  SOLPRO®  that  includes  the  distinction  between  "ordinary"  (OR) 
and  "anomalously  large"  (AL)  events  and  the  probability  of  occurrence  of 
the  latter.  Both  AL-  and  OR-  event  fluences  are  non-linear  functions  of 
Q and  t. 

* 0 denotes  the  degree  of  confidence  one  wishes  to  assign  to  the  results, 
namely  that  for  the  specified  mission  duration  the  calculated  fluences  are 
the  smallest  values  which  will  not  be  exceeded  by  actually  encountered 
intensities. 
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For  these  predictions,  only  high  quality  comprehensive  satellite  measure- 
ments (not  ground  observations)  are  being  used,  covering  almost  the 
entire  20th  solar  cycle.  There  have  been  indications  that  descriptions 
of  the  solar  flare  environment  in  interplanetary  space  (at  1 AU),  derived 
from  interpretations  and  extrapolations  of  ground  based  measurements, 
have  not  been  very  accurate. 

It  should  be  noted  that  the  statistics  cannot  predict  when  an  AL  event 
will  occur;  only  the  probability  that  one  will  occur  in  a given  length  of 
time.  And  it  must  be  remembered  that  a single  AL  event  will  impart  its 
total  fluence  within  two  to  four  days. 

This  implies  that  for  unmanned  satellites  with  mission  durations  of  ~c  ^ 1 
year,  OR-event  fluences  are  not  significant  because  probabilistic  theory 
predicts  the  possible  occurrence  of  at  least  one  AL  event,  even  for  the 
lowest  allowable  confidence  level  (Q=80%). 


9.  ORBITAL  FLUX  INTEGRATIONS 


Orbital  flux  integrations  were  performed  with  the  UNIFLUX^°and  the  S0FIP“ 
systems.  UNIFLUX  provided  L-band  distributions  and  exposure  times  with 
B-L  bin  breakdown,  while  SOFIP  provided  the  dose  and  shield  data. 


10.  FLUX  DATA:  TYPE,  QUALITY,  AND  VARIATIONS 


The  trapped  particle  flux  data  available  from  the  models  represent  omni- 
directional, integral  intensities  that  one  would  expect  to  obtain  as 
average  values  over  periods  in  excess  of  six  months.  But  over  most  regions 
of  magnetospheric  space  (L  2 earth  radii),  short  term  excursions  can 
vary  from  these  values  by  factors  of  10^  to  10^,  depending  on  the  particle 
energies  and  on  the  type  and  intensity  of  the  causative  event.  These 
variations  do  affect  the  IRAS  mission  because  its  trajectory  enters  regions 
of  space  where  L is  greater  than  2 earth  radii.  Also,  trapped  particle 
populations  experience  changes  due  to:  (a)  local  time  (LT)  dependence, 

and  (b)  solar  cycle  dependence.  Both  are  of  consequence  to  IRAS.  The 
former  is  significant  for  spacecraft  that  sample  regions  of  L > 5 earth 
radii,  which  are  visited  by  IRAS.  To  compensate  for  these  variations, 
the  model  provides  LT-averaged  values,  which  should  yield  an  adequate 
approximation  for  missions  of  long  duration  (t  ^ 1 year).  The  latter 
has  been  taken  into  account  by  selecting  the  appropriate  (solar  max) 
models. 

Solar  cycle  variations  have  opposite  effects  on  each  particle  species: 

Solar  Min  Solar  Max 
Electrons  Tow  high 

Protons  high  low 
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The  solar  cycle  changes,  as  derived  from  a comparison  of  the  corresponding 
models,  are  functions  of  energy  ^ and  magnetic  parameter  U For  the 
inner  zone  electrons,  they  may  range  from  a factor  of  1 to  a factor  of  5. 

Protons  are  only  affected  in  the  vicinity  of  the  atmospheric  cutoff  regions. 
No  changes  of  consequence  have  been  observed  in  the  heart  of  the  proton 
trapping  domain.  Proton  changes  have  about  the  same  range  as  those  of  the 
electrons. 

Should  the  IRAS  mission  duration  extend  past  the  maximum  phase  into  the 
minimum  phase  of  solar  activity,  new  evaluations  would  have  to  be  performed. 

It  is  necessary  to  emphasize  that  the  calculations,  although  based  on  the 
best  data  available  for  the  past  epochs,  can  only  serve  as  approximations 
for  the  future. 

It  also  should  be  noted  that  a basic  uncertainty  factor  of  2 is  attached 
to  the  flux  values  of  the  APS  model,  while  the  AE6  is  characterized  by 
an  average  uncertainty  factor  of  5.  No  uncertainty  factor  has  yet  been 
defined  for  the  interim  AEI7. 


11.  WORST  AND  BEST  CASE  CALCULATIONS 


So  as  to  provide  worst  and  best  case  estimates,  orbital  flux  integrations 
were  performed  at  the  three  investigated  altitude  levels  for  the  conditions 
and  with  the  models  indicated  below: 

Worst:  with  all  uncertainty  factors  applied  and  using  AEI7-HI 

Best:  no  uncertainty  factors  applied  and  using  AEI7-L0 

Caution:  the  data  given  in  special  processing  and  analysis  products  (as 

for  example  mappings,  comparisons,  positional  flux  plots,  etc.)  are  neither 
worst  nor  best  case  values.  For  these  type  of  products,  routinely  no 
uncertainty  factors  are  applied  and  the  AEI7-HI  is  normally  used. 


12.  DOSE  AND  SHIELDING  EVALUATION 


Best  and  worst  case  doses  were  calculated  from  the  total  orbit  integrated, 
surface  incident,  omnidirectional,  integral  fluences  by  existing  shielding 
codes, *^as  functions  of  various  aluminum  shield  thicknesses. 

A simple  procedure  was  followed,  not  involving  solid  angle  sectoring  or 
three-dimensional  geometry  considerations.  Instead,  a simple  two-dimensional 
geometry  with  a cosine  law  for  the  incident  spectra  was  considered. 

Bremsstrahlung  calculations  were  performed  with  the  same  codes. 
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13.  RESULTS:  PRESENTATION  DESCRIPTION 


This  section  describes  the  form  and  format  in  which  the  results,  derived 
from  the  Orbital  Flux  Integration  (OFI)  process,  are  presented  for  practical 
use.  Except  where  otherwise  specified,  al 1 particle  data  in  this  report 
relate  to  integral,  omnidirectional  fluxes  or  fluences. 

A.  Tabular  Presentations 


The  outcome  of  all  calculations  is  summarized  in  Tables  1 to  36.  The  tables 
are  arranged  in  six  sets,  where  every  set  pertains  to  one  specific  type  of 
data.  The  first  two  sets  have  two  similar  members  tor  every  trajectory 
considered  in  the  study:  one  for  trapped  protons  and  one  for  electrons, 

in  that  order.  The  last  four  sets  contain  only  one  member  for  each  trajectory. 
A more  detailed  description  of  the  tables  is  provided  elsewhere. 

Note:  sets  I,  II,  III,  and  IV  are  double  sets  composed  of  best  and  worst 
case  versions. 

I.  L-band  Tabulations:  Tables  1-6  (Best),  7-12  (Worst) 

Tabulation  of  total  orbit-integrated  fTuence  distribuitons  by  L-bands  for 
selected  energy  thresholds,  in  units  of  particles  per  square  centimeter, 
normalized  to  5 MeV  and  .5  MeV  for  protons  and  electrons,  respectively. 

The  tables  contain  36  L-bands  of  equal  size  covering  the  range  from  L=1.0 
to  L > 8.0  earth  radii  in  constant  increments  of  .2  earth  radii. 

II.  Spectral  Profiles:  Tables  13-15  (Best), 16-18  (Worst) 

Tabulation  of  average  orbi t- Integra ted  spectral  distributions.  Composite 
spectra  are  given  in  units  of:  fluxes  per  square  centimeter  per  second, 

fluxes  per  square  centimeter  per  day,  and  total  fluences  per  specified 
mission  duration  (1  year).  For  the  electrons,  the  latter  are  also  given 
in  terms  of  inner  and  outer  zone  contributions.  Functionally  derived 
differential  fluxes  are  listed  in  the  last  columns  for  both  species  of 
particles. 

Total  orbit- integrated  spectra  in  percent,  for  energy  intervals  AE  cor- 
responding to  the  energy  levels  of  the  L-band  tables,  are  also  given 
in  terms  of  average  instantaneous  and  daily  intensities. 

An  exposure  index  (for  the  normalization  energies  used  in  the  L-band 
tables)  is  listed  for  nine  successive  intensity  ranges  varying  by  one 
order  of  magnitude,  in  terms  of  processed  exposure  duration  (in  hours) 
and  total  number  of  particles  accumulated  while  in  that  intensity  range 
for  the  indicated  number  of  hours. 
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III.  Peaks  and  Totals  Per  Orbit:  Tables  19-21  (Best),  22-24  (Worst) 

These  tables  contain  the  absolute  instantaneous  peak  fluxes  and  the  total 
fluences  accumulated  during  each  successive  revolution,  as  obtained  from 
the  nominal  trajectories  for  the  investigated  flight  duration  (24  hours 
of  mission  time). 

Specifically,  there  are  nine  columns  on  these  tables.  Column  1 is  an 
orbit  counting  device,  based  on; 

a)  the  orbit  period  when  the  trajectory  is  circular  and  lies  in 
the  equatorial  plane; 

b)  the  physical  perigee  in  all  elliptical  flight-path  cases;  and, 

c)  the  equatorial  crossing  for  circular  inclined  trajectories. 

Column  2 gives  the  peak  flux.  Columns  3,  4,  and  5 indicate  the  spacecraft 
position  in  geocentric  coordinates  at  which  the  predicted  peak  flux  was 
encountered.  Columns  6,  7,  and  8 determine  respectively  the  relative 
orbit  time  and  the  magnetic  B-L  coordinates  for  this  event.  For  the 
purpose  of  orbital  radiation  studies,  all  simulated  trajectories  start  at 
tQ^hours.  Finally,  the  last  column  indicates  the  total  predicted  flux 
to  be  encountered  during  that  particular  orbit.  It  is  advisable  to  dis- 
regard the  last  line  on  this  table  because  many  times  that  orbit  (#15)  is 
incomplete  and  the  fluxes  or  positions  shown  do  not  correspond  to  true  peaks. 

IV.  Time-Accounting  and  Exposure-Analysis:  Tables  25-27 

The  "EXPOSURE-ANALYSIS"  summary  indicates  what  percent  of  its  total  lifetime 
T the  satellite  spends  in  "flux-free"  regions  of  space,  what  percent  of  its 
total  lifetime  it  spends  in  high  intensity  proton  and  electron  domains,  and 
while  so  exposed,  what  percent  of  its  total  flux  it  accumulates. 

In  the  context  of  this  study,  the  term  "flux-free"  applies  to  all  regions 
of  space  where  trapped  particle  fluxes  are  less  than  one  proton  or  electron 
per  square  centimeter  per  second,  having  energies  E > 5 MeV,  and  E > .5  MeV, 
respectively.  By  definition,  this  includes  all  regions  external  to  the  Van 
Allen  radiation  belts. 

The  concept  of  "trapped  particle  fluxes"  is  meant  to  include  stably  trapped, 
pseudo  trapped,  and  transient  fluxes,  as  long  as  they  are  part  of  or  con- 
tained in  the  environment  models  used  and,  in  the  case  of  transients  or 
pseudos,  their  sources  are  considered  powerful  enough  to  supply  them  contin- 
uously in  substantial  numbers. 

Similarly,  as  "high  intensity"  are  defined  those  regions  of  space  where 
the  instantaneous,  integral,  omnidirectional,  trapped-particle  flux  is  greater 
than  10  protons  with  energeis  E > 5.  MeV,  and  greater  than  10^  electrons 
with  energies  E > 5.  MeV. 

The  values  given  in  these  tables  are  statistical  averages,  obtained  over 
extended  intervals  of  mission  time.  However,  they  may  vary  significantly 
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from  one  orbit  to  the  next,  when  individual  revolutions  are  considered. 

The  "TIME-ACCOUNT"  breakdown  shows  what  percent  of  its  total  time  the 
satellite  spends  in  the  "inner  zone"  (1.0  £ L < 2.8)  and  in  the  "outer 
zone"  (2.8  ^ L ^ 11.0)  electron  trapping  domains,  and  also  the  percent 
of  time  spent  in  regions  external  to  the  latter  (L  > 11.0). 

It  should  be  noted  that  the  confinement  of  the  outer  zone  within  the 
boundary  of  the  L=11.0  earth  radii  volume  is  arbitrary  and  has  no 
physical  meaning.  It  is  intended  only  as  a simplification  to  facilitate 
the  calculations.  The  region  considered  "external"  in  this  study 
(L  >11.0)  is  still  partially  a domain  of  the  outer  zone,  at  least  as 
far  out  as  L=12.0  earth  radii,  according  to  the  current  environment 
models. 

A last  item  on  this  table:  the  inner  zone  time  is  further  subdivided 

into  two  parts:  the  percentage  of  time  spend  outside  (L  < 1.1)  and 

inside  (1.1  < L < 2.8)  the  trapping  domain. 

V.  Solar  Proton  Fluences  and  Exposure  Factor:  Tables  28-30 

For  the  specified  mission  duration  t (printed  in  the  sub-title),  and 
dipole  cut-off  shell  (L=5  earth  radii,  shown  in  the  header),  this  table 
lists  the  solar  proton  fluence-spectra  (in  units  of  particles  per  square 
centimeter)  at  five  discrete  confidence  levels  Q (given  at  the  top  of 
each  column). 

The  exposure  factors  (in  percent  of  total  mission  duration)  obtained  from 
the  geomagnetic  shielding  analysis  are  also  listed  for  four  dipole  cut- 
off shell  values  (in  earth  radii). 

VI.  Total  Dose  and  Components:  Tables  31-33  (Best),  34-36  (Worst) 

These  tables  list  doses  in  units  of  rads^^i  as  a function  of  aluminum  shield 
thickness,  given  in  three  ways:  range  z in  grams  per  square  centimeter, 

depth  t in  millimeters,  and  depth  t in  mils. 

Electron,  bremsstrahlung,  and  proton  contributions  to  the  overall  sum- 
total  dose  are  given  separately.  Electron  and  proton  doses  are  further 
broken  down  into  their  respective  constituents;  namely,  inner  zone  and 
outer  zone  for  the  former,  trapped  and  solar  flare  for  the  latter. 

The  specific  mission  duration  for  which  the  doses  have  been  calculated 
is  indicated  in  the  table  headline. 

Caution:  the  AL-event  solar  flare  protons  are  not  contributed  gradually 

over  the  investigated  mission  duration  ( t = 1 year)  but  are  imparted 
in  toto  in  a relatively  short  burst,  that  is,  within  approximately  2-4 
days  per  AL  event. 
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B.  Graphical  Presentation 


Some  of  the  tabulated  data  are  also  plotted  in  Figures  1 to  36,  and  43 
to  60  with  additional  Figures  37  to  42  containing  plots  of  flight  path 
data.  As  with  the  tables,  the  computer  plots  are  arranged  in  six  sets, 
where  again  each  set  pertains  to  one  specific  type  of  data.  The  first 
three  sets  have  two  similar  members  for  each  trajectory  investigated: 
one  for  each  particle  species.  The  last  three  sets  contain  only  one 
member  for  every  trajectory.  However,  late  in  the  study,  the  original 
single  members  of  the  dose-plot  set  (#VI)  were  replaced  with  three  graphs 
each  (for  respective  depth  ranges)  in  order  to  provide  greater  resolution 
at  thin  shields.  The  plots  are  also  described  and  explained  in  reference 
7. 

Note:  Sets  I,  II,  III,  and  IV  are  double  sets  composed  of  best  and 

worst  case  versions. 

Finally,  Figures  61  to  67  are  special  graphs  relating  to  flux-free  time, 
to  times  for  which  positional  fluxes  are  greater  than  average  fluxes,  to 
trajectory  flux  profiles  through  the  SAA,  and  to  trajectory  dose  profiles 
through  the  SAA. 

I.  Time  and  Flux  Histograms:  Figures  1-6  (Best),  7-12  (Worst) 

These  plots  show  two  curves  superimposed  on  the  same  graph,  namely  one 
each  for  the  variables  "time"  and  "flux".  Both  are  given  on  a semi-log 
scale  as  functions  of  the  parameter  L (earth  radii),  within  the  range 
1 ^ L _<  10,  and  for  constant  L-bands  of  .1  earth  radius  width.  The 
plots  depict: 

a)  by  a plain  curve,  the  characteristic  trajectory  intensities  as 
obtained  from  the  orbital  integration  process  in  terms  of  averaged 
integral  part. cl e fluxes  above  a given  energy. 

b)  by  a contour  marked  with  symbols,  the  percent  total  lifetim.e  (%T) 
spent  in  each  L interval. 

The  logarithmic  ordinate  relates  to  the  time-flux  variables.  The  printed 
numbers  are  powers  of  10  and  pertain  to  the  fluxes;  the  scale  values 
for  the  time  curves  are  given  in  the  upper  part  of  the  ordinate  label: 
from  10"^  to  10^  percent  of  T,  the  type  of  particles,  their  integral 
energy,  and  the  units,  are  all  given  in  the  lower  part  of  the  label.  The 
label  on  the  top  of  the  graph  identifies  the  trajectory. 

II.  Spectral  Profiles:  Figures  13-18  (Best),  19-24  (Worst) 

A graphical  presentation  of  the  final  composite  spectral  distribution, 
obtained  from  the  orbital  integration  process.  The  plots  are  semi-log 
graphs,  where  the  abscissa  is  a linear  energy  scale  for  integral  particle 
energies  E,  in  MeV,  and  the  ordinate  is  a logarithmic  scale  for  the 
fluxes,  given  in  daily  averages  for  energies  greater  than  E;  the  printed 
scale  values  are  powers  of  10. 
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III.  Peaks  Per  Orbit:  Fiqures  25-30  (Best),  31-36  (Worst) 

Here  the  absolute  peak  intensities,  encountered  per  period  (1  period 
= 1 revolution  = 1 orbit),  are  plotted  for  the  duration  of  the  flight- 
time processed  in  the  analysis.  The  logarithmic  ordinate,  with  scale 
values  in  powers  of  10,  relates  to  instantaneous  particle  fluxes  of 
the  environment  at  the  indicated  energy  thresholds,  while  the  abscissa 
is  a linear  orbit  enumeration. 

IV.  Trajectory  World  Map  Projections:  Figures  37-39 

These  graphs  depict  the  surface  trace  of  the  geocentrically  projected  sub- 
satellite positions.  The  trajectories  are  plotted  for  several  revolutions 
on  a global  map  produced  by  a Miller  Cylindrical  Projection  method.  The 
contours  of  the  continents  have  been  omitted  for  clarity.  The  positions 
of  equatorial  crossing,  of  physical  perigee,  or  of  period  commencement 
are  indicated  by  numbers  identifying  the  orbits  shown  in  the  graphs. 

For  all  trajectories,  the  distance  between  successive  sequential  numbers 
is  a measure  of  the  orbit  precession. 

V.  Flight  Path  Tracing  in  B-L  Space:  Figures  40-42 

Plots  showing  trajectory  traces  in  B-L  space  on  a semi-log  scale.  Several 
orbits  are  depicted,  each  identified  by  its  sequential  number.  The  mag- 
netic equator  is  entered  on  all  plots.  The  logarithmic  ordinate  relates 
to  the  field  strength  B in  gauss;  the  printed  values  are  exponents  of  10. 

L is  given  in  earth  radii  on  the  linear  abscissa. 

VI.  Dose-Depth  Curves:  Figures  43-51  (Best),  52-60  (Worst) 

Plots  of  final  depth-dose  values  for  the  indicated  mission  duration. 

Normally,  these  plots  show  composite  curves  for  bremsstrahlunq,  combined 
electrons  (inner  and  outer  zone),  combined  protons  (trapped  and  solar 
flare),  and  sumtotal  of  all  contributions.  In  the  present  case,  the 
respective  contours  consist  of  inner  and  outer  zone  electrons  separately 
and  of  trapped  and  solar  flare  protons,  separately,  of  composite  brems- 
strahlung,  and  the  sum- total. 

For  ease  of  use  and  in  order  to  provide  a greater  resolution  at  the  more 
sensitive  range  of  depths,  namely  the  thinner  shields,  three  plots  have 
been  generated  per  processed  altitude  level  (h=600,  900,  1200  km),  for 
shield-ranges  and  subdivisions  increasing  by  one  order  of  magnitude. 

The  logarithmic  ordinate,  with  scale  values  in  powers  of  10,  relates  to 
aluminum  dose  in  units  of  rads.  The  linear  abscissa  is  the  shield  thick- 
ness, given  in  three  different  units:  range  z in  grams  per  square  centimeter, 

depth  t in  millimeters,  depth  t in  mils, 

VII.  Flux-Free  Time  and  Electron  Trapping  Zone  Exposure:  Figure  61 

Graph  indicating  the  "Total  Flux-Free  Time  in  Percent  of  Mission  Duration" 
for  electrons  and  protons,  and  the  "Percent  of  Mission  Duration  in  Electron 
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Trapping  Zones",  both  as  a function  of  altitude. 

VIII.  Duration  of  Exposure-Severity:  Figures  62-63 

These  graphs  show,  separately  for  electrons  and  protons,  in  percent  of 
total  mission  duration  vs  energy,  the  intervals  of  time  for  which  the 
positional  instantaneous  fluxes  were  greater  than  the  orbit-integrated 
average  instantaneous  fluxes,  by  a factor  of  m.  Curves  for  several 
values  of  integer  multiples  of  m are  plotted. 

IX.  Positional  Flux  Plot:  Figures  64-65 

Plots  of  positional  instantaneous  electron  and  proton  fluxes  versus  time, 
for  the  most  severe  satellite  pass  through  the  SAA.  Curves  are  given  for 
several  electron  and  proton  threshold  energies.  The  logarithmic  ordinate 
relates  to  fluxes  in  units  of  particles  per  square  centimeter  per  second 
while  the  linear  abscissa  indicates  relative  time  in  minutes. 

The  electron  display  was  extended  beyond  the  actual  SAA  pass,  so  as  to 
provide  coverage  over  one  complete  revolution  ( '^103  min),  in  order  to 
show  the  high  latitude  protrusions  of  the  environment,  the  so-called  "horns" 
The  salient  features  are  identified  as  to  source,  and  approximate  polar 
and  equatorial  regions  are  so  labeled. 

X.  Positional  Dose  Plot:  Figure  66 

An  arrangement  similar  to  that  of  IX  above,  only  here  the  curves  relate  to 
total  dose  (composite  of  all  electron,  trapped  proton,  and  bremsstrahlung 
contributions ) , in  units  of  rads-aluminum,  given  for  different  shield 
thicknesses  of  z,  in  grams  per  square  centimeter 

C.  Geographic  Mapping 

Maps  of  instantaneous,  positional,  integral  fluxes,  or  of  positional  to 
average  flux  ratios,  are  tables  containing  168  latitude  rows,  covering 
the  entire  planned  latitude  range  (81°  N 86°  S)  in  increments  of 

AfJ=l°,  and  15  longitude  columns,  corresponding  to  a longi tude-range-per- 
table  of  45°  in  increments  of  Ac})  = 3°.  Full  azimuthal  coverage  is  thereby 
achieved  with  eight  two-page  tables,  comprising  one  set. 

For  each  selected  energy  threshold  of  each  particle  species  (nine  electrons 
and  nine  protons  for  Spatial  Flux  Maps,  seven  electrons  and  seven  protons 
for  Global  Comparison  Maps)  one  such  set  of  eight  tables  was  generated  at 
the  900  km  altitude  level.  Thus,  a total  of  32  two-page  sets  of  mapping 
tables  was  produced. 

Every  set  initially  contained  its  eight  member-tables . However,  for 
reasons  of  bulk  reduction  and  printing  economy,  empty  members  were  deleted 
from  this  report. 
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I.  Spatial  Flux  Maps:  Tables  M1-M123 


The  data  in  these  tables  represent  instantaneous,  integral,  omnidirectional, 
trapped  particle  fluxes,  as  yielded  by  the  respective  environment  models 
for  the  indicated  positions,  in  units  of  particles  per  square  centimeter 
per  second.  The  number  "one"  (1)  was  used  to  denote  positions  where  no 
fluxes  are  predicted. 

II.  Global  Comparison  Maps:  M124-M213 

For  the  particular  energies  indicated,  these  tables  outline  the  regions  of 
space  at  the  900  kilometer  altitude  level,  where  the  positional  instantan- 
eous fluxes  are  greater  than  the  orbit  integrated  (or  total)  average 
instantaneous  fluxes.  It  should  be  remembered  that  for  the  electrons  the 
"total"  averages  are  composite  values,  containing  contributions  from  the 
inner  and  the  outer  zone  visitations.  It  is  not  practical  to  compute 
"partial"  averages,  separately  for  the  inner  and  the  outer  zones,  neither 
would  a comparison  by  zones  be  meaningful. 

The  dimensionless,  truncated,  integer  part  n of  the  ratios: 

Fi/F/\  = n.xxx 

is  printed  in  the  tables  according  to  the  formula: 

n < Fj/F^<  n + 1 

where  Fj  is  the  positional  instantaneous  flux  and  F/\  is  the  average  instan- 
taneous flux,  both  in  units  of  particles  per  square  centimeter  per  second. 

The  symbol  "0"  (zero)  serves  a dual  purpose. in  this  mapping:  it  is  used 

for  places  where  no  instantaneous  fluxes  occur,  as  well  as  for  fractional 
ratios  of  value  less  than  one. 


14.  RESULTS:  ANALYSIS  AND  DISCUSSION 


In  this  section,  some  of  the  presented  tabular  or  graphical  study-results 
are  discussed,  with  occasional  comments  as  to  their  use,  limits,  and 
appl ications. 

A.  Spectral  Profiles 

Characteristic  features  of  the  near  earth  radiation  environment  are  strong 
altitude  and  inclination  dependencies.  Here  the  presented  external  (sur- 
face incident)  average  daily  intensities  display  only  the  former,  which 
in  the  investigated  altitude  regime  are  most  pronounced  for  the  protons. 
However,  as  only  one  inclination  was  considered  in  this  study,  the  data 
do  not  reflect  the  important  effect  of  the  latter.  It  should  be  noted 
that  at  high  inclination  values  (30°  < i < 90°)  small  changes  in  either 
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direction  up  or  down,  will  not  produce  significant  changes  in  flux 
levels  and  spectral  distributions.  The  greatest  inclination  dependent 
variations  occur  in  the  range  0°  ^ i 30“ . 

I.  Protons:  The  protons  exhibit  relatively  hard,  almost  uniform 

spectra.  Average  orbit- integrated  intensities  rise  significantly  with 
altitude.  Over  the  energy  range  from  E > 30  MeV  to  E ^ 500  MeV,  the 
particle  distribtuion  per  altitude  for  the  "best"  case  prediction  could 
well  be  expressed  in  an  exponential  form: 

F = Fo  exp 

Eo 

where  F is  the  integral  flux. in  units  of  particles  per  square  centimeter 
per  day,  and  E is  the  energy  in  MeV.  Fo  and  Eo  (in  the  same  units  as 
F and  E)  are  given  below  for  the  three  altitudes: 

Altitude  Fo  Eo 

600  2.585  X 10^  99.21 

900  1.224  X 10’  105.88 

1200  3.509  X 10’  105.61 

This  representation  is  clearly  favored  by  the  data:  it  holds  over  the 

indicated  energy  range  with  a maximum  deviation  of  less  than  5%.  The 
evaluation  was  performed  for  the  best-case  values.  In  order  to  obtain 
the  worst-case  counter  parts,  just  multiply  Fo  by  a factor  of  x2. 

II.  Electrons:  The  electrons  show  complex  variable  spectra. 

Average,  orbit-integrated,  composite  (inner  zone  and  outer  zone)  intensi- 
ties rise  non-uniformly  with  altitude,  particularly  at  energies  above 
3.75  MeV  with  differences  reaching  up  to  several  orders  of  magnitude  at 
E > 6 MeV.  Spectra  extend  to  higher  energies  as  height  increases. 

These  composite  electron  distributions  cannot  be  represented  by  either 
exponential  or  power  law  forms.  The  inner  zone  spectra  fall  rapidly  off 
to  zero  flux  in  the  energy  range  from  4 to  5 MeV  and  they  are  therefore 
more  benign  then  their  harder  outer-zone  counterparts,  which  extend  to 
energies  of  about  7 MeV. 

B.  peaks  Per  Orbit 

The  absolute  peaks  per  revolution  have  been  obtained  for  standard  processing 
energies;  E > 5.  MeV  for  protons  and  E > .5  MeV  for  electrons.  Other 
energy  selections  produce  different  peak  curves  in  an  inverse  relationship: 
lower  energies  yield  higher  and  more  expanded  contours,  and  vice  versa. 

Peak  contours  of  inclined  circular  trajectories  display  amplitude  varia- 
tions and/or  discontinuities  (flux- free  time)  that  follow  periodic  patterns 
based  on  the  daily  cycle  of  revolutions.  For  fixed  energies,  amplitudes 
and  discontinuities  are  function  of:  (a)  incl ination  2,  and  (b)  altitude  h. 


-14- 


k 


Variations  in  either  i or  h may  produce  significant  changes  in  the  amp- 
litude of  the  peak  curves  and  in  the  duration  of  the  discontinuities: 
up  to  several  orders  of  magnitude  for  the  former,  and  completely  elimi- 
nating the  latter. 

For  the  investigated  trajectories  at  the  given,  fixed,  inclination  (i=99°), 
the  following  observations  can  be  made  for  the  "best-case"  data: 

a)  protons : the  about  three  (3)  flux-free  orbits  per  day,  afforded 

the  600  kilometer  altitude  level,  completely  disappear  at  900  km 
and  above.  The  maxima  of  the  peak  contours  rise  gradually  by 
about  one  order  of  magnitude  from  600  to  1200  km.  The  minima 
(or  troughs)  rise  rapidly  over  the  same  altitude  range,  by  about 
three  orders  of  magnitude.  The  two  extrema  are  always  several 
orders  of  magnitude  apart; 

b)  electrons:  for  these  particles,  the  peak  contours  display  only 

small  and  gradual  changes:  a slight  rise  in  all  contour  features 

per  altitude  level.  In  antithesis  to  the  proton  peaks,  the  elec- 
tron extrema  lie  close  together:  they  are  at  most  a factor  of 

5 apart.  Also,  the  electron  peaks  start  in  the  fifth  order  of 
magnitude  range,  even  for  the  lowest  altitude  of  600  km. 

Peak  contours  for  the  "worst-case"  data  are  very  similar  in  patterns  and 
shape  for  both  species  of  particles,  except  for  the  1200  km  electrons. 

These  latter  appear  substantially  different  because  of  the  greater  con- 
tributions from  the  outer  zone  model  AEI7-HI  and/or  the  lesser  in  extent 
but  higher  in  intensity  contributions  from  the  inner  zone  model  AE6, 
whose  data  has  been  multiplied  by  an  average  uncertainty  factor  of  5. 

C.  Flux-Free  Time 

Some  comments  on  this  topic  have  been  provided  in  the  previous  section  and 
in  section  13/IV.  Here  a more  detailed  discussion  will  be  given. 

F_lux-free  time  (FFT)  intervals  are  an  important  feature  of  certain  orbital 
configuratTons.  They  may  occur  over  short  orbit  segments  (partial  FFT 
per  period)  or  over  the  entire  length  of  a revolution  (total  FFT  per  period). 
In  terms  of  geomagnetic  geometry,  the  FFT's  establish  the  duration  for  which 
the  trajectory  lies  outside  the  trapping  domain  of  the  corresponding  par- 
ticle species,  evaluated  at  the  given  energies.  Or  conversely,  they  are 
a measure  of  the  degree  to  which  the  trajectory  is  exposed  to  the  charged 
particle  trapping  domains. 

As  indicated  in  the  preceeding  section  (14/B),  one  manifestation  of  extended 
FFT  occurrence  is  the  sharp  drop-off  of  the  proton  peak  contours  (Figures 
25,  31)  to  the  zero- flux  levels.  In  the  case  of  that  particular  trajec- 
tory, this  happens  for  several  orbits  in  the  investigated  study-duration 
of  24  hours.  That  is,  for  the  entire  length  of  the  respective  revolutions, 
no  Van  Allen  belt  radiation  at  all  is  to  be  encountered  by  the  satellite, 
according  to  model  predictions. 

The  number  of  consecutive  flux- free  orbits  of  circular  trajectories  is 
primarily  a function  of  altitude  and  inclination  and  to  a lesser  degree 
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a function  of  particle  energy.  Of  the  investigated  IRAS  flight  paths, 
and  for  the  selected  energies  (electrons:  E >.5  MeV,  protons:  E > 5. 

MeV),  only  the  600  kilometer  altitude  level  yields  about  3 completely 
flux-free  revolutions  per  day,  and  for  protons  only.  The  total  FFT, 
however,  which  includes  contributions  from  partially  exposed  revolutions 
(see  "Exposure  Analysis,"  Tables  #25,  26,  and  27;  also  Figure  61)  in 
percent  of  total  mission  duration  can  be  summarized  as  follows: 


titude 

Protons 

Electrons 

(km) 

(E  > 5.  MeV) 

(E  > .5  MeV) 

600 

91% 

63% 

900 

83% 

54% 

1200 

68% 

34% 

Higher  energies  will  yield  longer  FFT’s  because  the  more  energetic 
particles  occupy  a smaller  volume  of  space.  As  to  "worst"  and  "best" 
cases,  there  is  no  substantial  difference  in  the  corresponding  FFT, 

D.  Dose  and  Shielding 

The  calculated  doses  display  features  characteristic  of  the  near  earth 
radiation  environment:  at  medium-to-high  shield  thicknesses,  small 

contributions  from  relatively  benign  and  low  intensity  electron  spectra 
combined  with  major  contributions  from  comparatively  hard  and  intense 
proton  spectra;  at  thin  shield  thicknesses  the  electrons  predominate. 

The  proton  doses  prevail  for  all  shield  thicknesses  greater  than  about 
100-150  mils  of  aluminum;  this  is  in  the  range  of  about  2 to  3 times  the 
average  satellite  skin  thicknesses  (most  common  range:  about  30-70  mils). 

Significant  is  the  fact  that  the  proton  dose  is  only  a weak  function  of 
shield  thickness,  as  it  shows  very  little  attenuation  over  the  evaluated 
depth  range.  Thus,  in  order  to  get  an  appreciable  reduction  in  the  dose, 
say  by  one  order  of  magnitude,  a 20-fold  increase  in  shield  thickness 
over  an  average  satellite  skin  is  necessary.  The  same  is  true  for  the 
bremsstrahlung  dose.  However,  in  comparison  to  the  proton  contributions, 
the  bremsstrahlung  dose  is  so  small  (about  1-2  orders  of  magnitude  lower) 
that  it  may  be  disregarded. 

I . Decay  and  Degradation 

The  total  annual  doses  obtained  for  each  of  the  three  investigated  tra- 
jectories are  comfortably  low.  In  terms  of  electronics  decay  or  materials 
degradation,  the  doses  to  be  experienced  at  the  900  km  altitude  level 
inside  the  satellite,  that  is,  behind  a skin  of  about  4.5  mils  of  equiv- 
alent aluminum,  are  not  severe  even  for  the  most  sensitive  components  or 
equipment:  about  5000  rads  per  year  for  the  "best"-case  evaluation  and 

about  8000  rads  per  year  for  the  "worst" - 
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II.  Contamination  and  Interference 


The  above  statements  do  not  imply  that  the  direct  or  indirect  effects  of 
the  radiation  environment  may  not  be  a nuisance  in  terms  of  instrument 
interference  or  measurement  contamination.  If  such  is  the  case,  some 
remedies  may  be  available.  In  this  context  see  also  reference  10  (IDE 
study  report). 

III.  Possible  Improvements 

In  the  event  that  the  magnitude  of  total  dose  or  degree  of  radiation 
penetration  behind  the  skin  of  the  satellite  is  of  importance  to  the  IRAS 
mission,  four  possibilities  exist  to  reduce  the  radiation  effects  on 
instrument  and  components: 

a)  build  or  design  an  instrument  less  sensitive  to  radiation  and 
construct  the  on-board  and/or  on-ground  data  processing  software 
to  remove  or  suppress  radiation-induced  noise 

b)  change  the  orbit  by  any  combination  of  the  elements  eccentricity, 
altitude,  and  inclination  so  as  to  achieve  a more  benign  environment 

c)  change  the  mission  epoch:  solar  max  for  reduced  proton  intensities, 

solar  min  for  reduced  electron  intensities 

d)  provide  increased  shielding  either  by  geometry  or  by  weight  or 
by  a combination  of  both; 

by  geometry:  perform  a 3-D  analysis  (solid  angle  sectoring)  and 

rearrange  other  equipment  on  board  the  satellite  in  order  to  provide 
maximum  protection  to  sensitive  part  over  greatest  possible  fraction  of 
sol  id  angle. 

by  weight:  place  additional  shields  around  sensitive  part  as  needed. 

Clearly,  options  (a),  (b),  and  (d)  are  viable  for  IRAS. 

E.  Instantaneous  Exposure  Severity 

The  evaluation  of  the  nominal  IRAS  flight-path  (h=900  km)  is  given  in 
Figures  62  and  63,  for  protons  and  electrons  respectively.  The  graphs 
are  self  explanatory.  Of  interest  may  be  the  fact  that  the  instantaneous 
electron  exposures  exceed  the  orbit- Integra ted  average  values  for  much 
longer  relative  durations  than  is  the  case  with  the  protons. 

F.  Spatially  Mapped  Fluxes 

The  listed  instantaneous  positional  intensities  are  in  units  of  particles 
per  square  centimeter  per  second.  The  data  are  printed  unaltered,  as  they 
are  obtained  from  the  models. 

An  inspection  of  these  tables  reveals  an  unusual  feature  which  is  most 
pronounced  at  the  lower  altitudes  and  for  the  more  energetic  particles; 
namely,  regions  of  higher  intensities  that  appear  to  the  north  of  the 
South  Atlantic  Anomaly,  At  900  kilometers  these  secondary  electron  peaks 
are  less  pronounced  and  are  merged  with  the  main  body  of  the  data,  that 
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is,  they  are  connected  as  is  the  case  with  the  proton  maps.  These  peak 
regions  seem  to  be  promontories  or  protrusions  and  resemble  high 
energy  "streamers".  Whether  they  are  artifices  of  the  modelling  process 
or  whether  they  represent  real  "physical"  features  of  the  environment 
has  not  been  determined.  An  interesting  feature  of  the  low  energy  proton 
maps  (E  > .04,  .5,  > 1 MeV)  are  the  well  known  from  the  electrons  high 
latitude  "horns".  These  appear  to  follow  the  same  pattern  as  for  the 
electrons,  indicating  a kind  of  "outer  zone"  structure  for  these  particles. 

G.  Positional  Fluxes  Through  SAA 

Protons:  if  low  energy  fluxes  had  been  plotted,  the  corresponding 

high  latitude  ‘‘horns",  discussed  in  the  previous  section  (14/F),  would 
have  appeared  on  Figure  64. 

Electrons:  in  Figure  66  note  absence  of  the  E > 5 MeV  contour  in 
the  SAA:  data  derives  from  the  inner  zone,  which  does  not  contain  particles 
in  the  energy  range  5-7  MeV.  In  contrast,  these  energetic  electrons  are 
abundantly  present  in  the  outer  zone,  whose  contribution  is  shown  in  the 
"horns". 

H.  Positional  Doses  Through  SAA 

The  high  dose  values  in  the  SAA  for  the  thick  shields  (z=5gm/cm^)  are  pri- 
marily due  to  the  substantial  trapped  proton  contributions.  The  doses 
at  the  thinner  shields,  in  the  SAA  and  the  "horns",  are  mostly  due  to  electrons. 

I.  Related  Projects 

Some  of  the  radiation  induced  concerns  and  problems  pertaining  to  the  IRAS 
mission,  are  also  shared  by  other  projects,  not  unlike  the  IRAS  in  many 
respects  of  experiment  hardware  (with  many  similar  operational  require- 
ments and  instrument  sensitivities),  as  for  example: 

the  international  Ultraviolet  Explorer  (lUE), 
the  ipace  Telescope  (ST), 

the  High  £nergy  Astronomy  Observatory  (HEAD),  and 
the  Solar  Maximum  Mission  (SMM). 

They  all  have  related  concerns  about  instrument  performance  (interference 
from  radiation  environment:  contamination  from  primary  and  secondary 

radiation  effects)  and  they  have  parallel  equipment  hardware  considerations. 

It  should  be  noted,  that  lUE  has  a singularly  different  trajectory.  Its 
orbit  is  eccentric  (perigee  25000  km,  apogee  46000  km),  inclined  (i  = 29°), 
and  synchronous  (period  = 24  hours). 

For  all  of  the  above  listed  projects,  radiation  studies  have  either  been 
performed  already  or  are  now  in  progress.  Specifically: 
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I.  IDE:  Study  concluded,  report  issued.*^  Evaluation  included 

(a)  analysis  of  the  space  radiation  environment  and  its  effects  on  instru- 
ments and  cameras,  (b)  determination  of  radiation-induced  background 
current  in  the  spectrograph  cameras,^"  (c)  performance  of  irradiated 
optical  and  electronic  components  used  in  astronomical  satellites,^^  and 
(d)  semiconductor  device  degradation.’^  Also  considered  were  experimentally 
established  data  for  ultraviolet  transmittance  of  optical  materials.’*^  ’’ 

II.  Study  concluded,  report  published.’® 

III.  HEAP:  Initial  study  performed,  report  issued.’®  Evaluation 

included  orbital  flux  integrations  and  geographic  flux  mapping  only.  Part 
of  the  data  (trapped  protons)  obsolete.  Work  in  progress  on  comprehensive, 
updated  analysis. 

IV.  SMM:  Study  in  progress,  report  to  be  issued  in  early  1979. 
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*♦  398ITAL  -LUX  STUDY  WITH  COMPCSITE  PARTICLE  ENVIRONMENTS:  VETTES  AE6*  AEI7 

*9  UNCERTAINTY  FACTORS  ( UF ) APPLIED  FOR  THIS  RUN  ARE:  FOR  PROTONS  <AP8)  - UFs  1* 
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1 *606  97 
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\ .QQE  oa 
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S.21E-01 
2.28E-C  1 

4.97E-01 
2. 056-01 
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1 *876-01 

4*626-01 

1 *77E-Ca 

4*606-01 

i*66E-r; 

4*406-01 

1.586-01 

4*066-01 
1 *446-)! 

3*536-01 
1 *226-91 

3*186-01 
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9.62E-*  2 
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7 * 9 r E -?  3 

3.80E-02 

6*^7E-<'3 

3.C6E-02 
5.236-C  3 

2*266-02 

4.256-03 

1 *906-02 
3*766-03 

1*486-02 

3.29E-03 

i *^6-02 

2*986-03 

9.69E-03 

2*616-03 
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1*766-03 
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6*000 

igum 

igymn 

QQIIIIII 

4i*  u»t— 

0*C 

» * o‘*c— 
0*0 

l • 9DC  — U*> 
0*0 

i * 2 1 c-0  4 
0*0 

”■  9 .TSF-OS 
0*9 

NORMFlUXs 

3*66E  *8 
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2.716-02 
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0.0 
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0*0 
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. 1..229E_J  J... 
9*672E  12 
7.659E  12 

1*7196  12 
I .03  cE  1 2 
e.rsTT  11“ - 
S*492E  11 

_4*62  7E_H 

3.794C  11 
3.2106  It 

--3-.  7.2  4F— 13 

1.727F  11 
lallSE  11 

-792iTff-i  a— 

4*7CC6  1C 
..3.526E...IQ.._ 
2.66CE  10 
1.99^  10 

9.9616  C9 
6.5  766  0 9 
4.371E  09 
2.8836  09 
6.097E  OS 

_l*.64.7£._C.e__ 
2.4156  C7 
0.0 


_ e aC27E.a2 .S42JOE 

6*3jIE  12  3*3416  12 

4.1C1C  12  Z.678E  12 

6*1306  11  1*0466  12 

2.499E  II  7*6206  11 

•9-^292E“10 5".'B6-B'E"Tr" 

S*  1266  to  4*9796  II 

. J .926E  1 0 fl*£33£.-Jl_ 

1.EE6E  10  3.606C  11 

1*340E  10  3*0766  11 


1*:«1E  09  4*5416  10 

.l.aJ  7QE..0S _a*A.J9£-JQ-_ 

7.2ISE  Oe  2.5866  10 

2.C66E  oa  1.9686  10 


3.1366  C7 
1.2286  07 
"4.224E-0C- 
7.2126  05 
0.  C 

_fl*  C 

O.C 

0.  0 


9.9236  09 
6.563E  09 
— •4T347E-09— 
2.8836  09 
6.S97E  08 

_.l«64.7E...0a_ 

2.4156  07 

0.0 


_2*.06S£-I>3 

2*7Sie  03 
2.04SE  03 

3*273E  02 
1.S62E  02 

— TTTAl^'Ol 

4*C63E  01 

__2.6B5E  01 

2.169E  01 
2*035E  01 

9.60SE  00 
6*0S0E  00 
— ST-resff-OB — 
2*  201E  00 

L*a72S  QO 

9.6S4E-0I 
7.7036-01 
♦*C>*S«*q| 
4.934E-01 
3.619E-01 
— 25988Jr=irr — 
l.acsE-oi 

6.0366-02 

1.289g-02 

3.208E-03 

0.0 


r*bu  il 


• =L.UA  SruUY  Ml  fM  CUM»>OStTI  PAHriCt-E  EN^fMONAENTS:  VETfES  AP8;  AEo«  AE 1 7 =OR  SOuAR  MAXIMUM  UNIELUX  GP  1979 

••  UNCERTAINTY  FACTORS  (OP|  APPLIED  FOR  THIS  RUN  AFEl  FOR  PROTONS  CAPS)  - UFs  l.Cl  FOR  INNER  ZONE  ELECTRONS  (AE6)  - UPb  1,3 

» ■ M'ATNsTl  C'  CTIL'RJl  NATE5~  g~'AND~L  C'JHPUTED'  aT-mVAWyOF"T77Z  HI  IH  ALL^AgynODEL"  ~ BARRACLOUGH  ET.  AL.  168-TERM  1975  » TTMEs  1980.0 

«•  VEHICLE  : IRAS  9C  KM  «•  INCLINATIONS  990Ea  «•  PERIGEE^  ycr.KM  A*  APOGEE^  9''0KM  A«  B/L  ORBIT  TAPEt  T0537C  ••  PERIODS  1.716 

«*••»•«.«*#«»••*«  PROTONS  •••*••••••**#♦•• 


*•««*  SPECTRUM  IN  PERCENT  DELTA  ENFRGY  ••••• 

E^Tgy  a VE  RA^D  AVERAGE  D SP  EC  T RUM"’ 

RANGES  TOTAL  FLUX  TOTAL  FLUX 

^ -0/f  H ■> T C / 0 AY < pfi  RCFHT 

,1C0’?-2.‘'D?  1.22CE.  CA  r.^SSt  0-1  60 

~Z7pr9-s;  7 3T — iTHFn—  ns rvsssr'OT *: 

-0.  itf  s.v^r.c  '1  ^.1  2E  *5 

fl.nao-?Q.Q3  2.AT5E  Q1 .l.i7AE_.06,  0 


««•*  COMPOSITE  ORBIT  SPECTRUM  «**«  TAUb  1.00  YEARISI 

‘"e^RCV  AVERAGED  averaged'  ■ averaged"  ■ AVERAGEO' 

LEVELS  INTEG.FLUX  INIEC.FLUX  1NT£G*FLUX  DIFFEH.PLUX 

> AXGM*«a./.TAU  A/CMAAa^GGC^K&V  - 


»»000E~ai2»02BE  04 


5 . 8 I 7 E 
3.727e  06 

-06- 

” • ^ : 3 E ’6 
.7T6E  OS 


I .273E  ‘A 


EXPOSURE  Index:  CNCRGV>5.‘'f*''  MEV 


1.7S2E  09 

- 

I.IOOL  09 
.1 1.75^6..^.. 
7. .7*6  <•7 
A.AS7E  07 
wG  OS-  -G7— 


iXPOSUKE  TOTAL  " OF 
auRATlON  ACCUMULATED 
PARTKL«  • 


2.391E  «7 
178^^0  7 
I.913E  Ot 
1.70  7E  f>7 
■ &06E-C7— 


45.00 
50,03 

60.00 


,4886  02 
. »16E  ^2 
C84E 


] .E4-i.es 
. =5-*  .fc6 
T.'E5=1'.-ET“ 
1.5  7 -OVER 


I .OoOE 
8.782E 
fc ■ 340L 


•T.28TE  01 
ft.‘'62t  00 
5.  -oaE  CC 


1.49SE  07 
1.42IL  07 
— l-iSStC  <*7 
1.286L  07 
1.224E  T7 

LbJI  i£„ii7. 

V.jS6E  06 
7.5881-  ''6 
..  4.638S.  G6.. 
2.881E  Ct 
1.78SE  C6 

l.-lt2C  06 

6.9«;6E  05 
_.4.379ii,  .05 
1.740E  GS 


6.39SE  II 

5. ‘'30£  11 
4.MSE  11 
6.403E  13 
2.728E  I' 
1.627E  10 

-l.JSOg-.4-0-. 

1 • 1 76e  I * 

1 . 0S9E  I 0 
-9. 75SC  09  * 
6.729E  A9 
7.948E  09 

6.  9d4£  '■*9 

6.229c  09 

-.&.aj5£.-:9 
S.458E  09 
S.1B7E  09 
4.932«"*9  • 
4.693E  09 
4.A67E  09 
._4..050£-.0.9.  . 

3.342E  09 
2.769c  09 
V.6.9JC.  G9  - 
I.'-SIE  09 
6.514E  08 
• .*'59C  08- 
2.S42E  08 
1.598c  08 
6.374i  ''7 


9.94SE  01 

2.  I05C  -*2 
1.173E  02 

-l.pOOe..  0| 
7,587E-‘»| 
4.036E-01 
-4».804  £.-42.. 
5.S77E-02 

3.  i 94E-02 
2.34Te-0e- 
1.491E-02 


2.rZ4£-03 
1.7242-03 
I .ef*?e-*3 
I .6SBE-03 
1.5B‘»E-:3 
l.»3O2£=0  3.. 
l.lSOE-03 
8.973E-'''4 
■ &*44JE»0A.- 
3.1  14E-.-'4 
I .96SE-34 
1.241 E-04 
8.247E-'5 


.333E- 


UNCETTAINTY  FACTORS  (UFJ  APPLIED  FOR  THIS  «UN  ARE: 
• • vsn'iCLe'  :^?RAS^ -p . 


7'FOR  SOLAR  -MAXIMUM  • -»•»  " UN|FLUX  OF  1979 

FOR  PROTONS  lAPai  - UF*  1 - - . 

■■■  ‘ 


't  FOR  INNER  ZONE  ELECTRONS  I AE6 1 - UF»  1.0  ^ 

_ _ AAftRAriJDUCH  ET.  AL.  165-TERM  197S  • TIME*  1980.0 

- iMcClNATiONB  990EG  PERIGEE*  90''KM  44  APOGiE»“‘  9C0KM  ••  8/L  ORBIT  TARdt  T0537t,  ••  PER  IOO«  1.716 

«•««««««••••••*•••••«•«••« •«4«44«44 44 


• «4««  SPSCTRUM  IN  P£R«Nf’oeLT  A FNeVOY 


COMBOSITS  ORBIT  SPE'CTRUM’ 4 44?44  "f  AU»  *.00  VR»5» 


— A-LfLllACCD  AVETACEJ  — . — — — ^ INT£Tr°ftL  FLUSNCx  • 

EN290Y  AVERASLO  AVF.PAGCO  SPECTRUM  cNSRCY  INTEG.FLUX  |NT£G.Fi.UX  • TOTAL  « INNER  ZONE  * OUTER  ZONE 

PANGiS  TOTAL  FLUX  TOTAL  FLUX  LEVELS  ••TOTAL**  ••TOTAL**  •••••••••*••••••*•••*••••••••»•••• 

»/T»irvrrsrc'»/c*r*»2rsTC  ••/ch«-*270at  -perccnt rrM2TrT“-»rcM4-r2rscc--rrC4**2/7AT--*zcM*42/TAU  »fcm**2FTav  B/cmwi/rtuj 


AVgRAGSO 
DIFFER  .Flux 
• •101  At.*  • 
•/CM**2/sec/<ev 


1 .oc;-:  ,56  * 

zZoS 

.00.1-  ‘ 


..6i*vfi4£.  is fi.f.ijc:.  13 

2.6542  04  2.293E  *19 

7.787E  6.728E  ''8 

- - - 

.5676  ' j . .SS'  E • J 

S.61  7t  •’2  4.053C.  07 


_6  2..2ai 

2.3o6 

3.694 

- . 4,07*  


6.,oflA=A..via 


T7Z r;n4Tir'’7-- 

259E  O.Z’CE  CS 

. . . 


7.36.3E  rs 


6.376F  13 


AAQAilii^-llBJ.ZaiL..d6.- 
.r'*-'CE-rtl9.''74*  '•5 
• lOT.'E  007.380c  05 


2.984L  •»* 

_is.329f_^4_ 

I.OVAE 

1.5766  04 


_9*692£  :Q. 
7.e<*Ci  i« 
6.J76E  10 


rXJJSURg  index:  ENERGY>.5*03  MEV  • 
IMTtNSITY  EXPOSURE  TOTAL  4 OF 

-p-ANuE  s 0.UP.  A ujjm  _.a«u  aj  l Ai.e  0 . 

»/:m**2/sec  imouhsi  particles 


S.328L  03 


U=D- 
1.31- 
' I iZ2- 


; .667 
-2tT  6T 
: .33? 
t,2t  7 


2.43JH  05 
2.T71F 
5 , 3 3 ■*  E : 7 
! ,r99E  -.9 


|.7S? 


• 3;t^— 


5.500 

6.03r 

A.g.VC. 


I .26?t  03 
9.229E  ^2 

4.-*8IE  '2 
2.939E  02 
--1.V7TC-  *32- 
l.Cttlc  02 

3,/'CAJ-  -«| 

7->f.Qg  - O 


7.2»^Ci  '6 

4.604E  08 
• -2m  98  85— 68- 
I.9SOH  ■'8 
_.Lf 

I.09IE  Ob 
7.974E  07 

7.872E  37 

2.539i  07 

1'.  674*  '»T 

l.lCTi  17 
2.63SE  36 
>ZZZL 


3.53BE  13 
2.862S  13 
2.327E  13 
.-I-.C444..  LJ-. 

S.692C.  12 

2.274E  12 
-1.T51E  12' 
9. 41 1 E 11 

7.3.4se  .n  . 
5.962E  !1 
4.V52C  11 
.-LJ6G-4-1. 


. 2.952E  I 3 
Z.39dE  13 
.952E  13 

.-L.14G-  ~ 

. .221E 
1 . 100£  i 2 
4.331E  1 1 
2. 4836  II 

-I  .96.VE  U.. 
9.543b  13 
6.836E  10 


OOlE-01  8.208E 


2.638E  11 
1.689E  11 
-1-.  091  F U -■ 
7.  1 I 8E  19 
5.3)83  19_ 
3.V83C  10 
2.910E  10 
■ 1 764-14- 

I .4  135  1 ' 
9.268E  09 
O.ll*-*  99 
• 4,039c.  09 
9.CI8I  98 
, Z.c.B9c..Se.- 
2.996E  97 


2.968E  19 
1 .797E  10 
*1  »i»ee-io- 
7,91  IE  99 
5._333E  09 
3.60'lE  09 
1 .494E  09 
-4^.  J04g-aB.~ 

1.953E  08 
6.142F  07 
1 .966C  07 
5.313E  06 
3.9 

..9.?. 

0.0 


5.961e.  .32 
4.659b  12 
3.749b  12 

. .^7lb  ii 
1.095b  12 
•8.175C  If 
0.92VL  11 

_5t6«J5v  M 
5.337b  11 
4.268L  11 
-J.644L..4*.. 
2.331b  II 
I .531 L 1 1 
-9.7I6C-  16  - 
6.327b  19 
_4.775b  V> 
3'.~623b  10 
2.761b  10 

1.39«b  10 
9.207b  99 
S.OOOfOO 
4.9  34b  9 9 
9.618b  06 
„2.2U9b_D6. 
2.996b  97 
>.) 


5.269E  93  . 
T.-a?e  02 
6.037E  03 
. .-3.-405B  03 
1.078E  03 
4.606E  02 
• 1 .929E  32 
9.2766  01 
.5.424E  01 
3.95JE  !'.l 
3.412E  01 

......a.saog  91  - 

1 .4  74E  01 
9.13VE  09 

• 5.7I7B  or 

3.346E  : . 
2.1 18£  00 
I ,5ir  E'  09 
1.189E  00 
.-4«4.»76-Gl 
7.182E-01 
5.1  73E-01 
4.19TR-01 
2.S42E-91 
8.545E-02 
. , 1.797E-02 

4.280E-03 


TqUb  IM 


>.rU  ^I.L  ; (KA:i 


I'JOLI  AA*  tCKs  tiODtO  **  PE»lCl'k=  1200KK  ••  APuGEb- 


• U/L  OSfcIt  TAP£:  TKtAO:-  ••  MfBlOOs  1.62*  •• 


SP.CTiRUX  IH  PSfrC.-.<T  ?LLtA  iN':RGY 


£Nt.ROV  AVF'BAGHr 

•OANfifa  TOTAL  PLLA 

• /(Hu  VI /Si  ^ »/CM**</^i:c 


AVpCAGS''  SPrCTCUW 
TOTAL  CLU* 

• •2/*>A'r  PPCCFOT 


• looo-i.ooo 

2*OO0*i>«UUO 
&«OUU-b  •Ouo 
8.0JJ- 1 U.OO 
1 U«  0 0-  2 3c  0 C 
-bOtOsi 


bO.< 


J~i>> 


3,7iJ-  tA 
SaASl  ' C2 
C2 

dcSS2.  01 


5.720r  CO 
3.913L  CA 


2.2A?7  09 
Aa66*-:  C7 

i.ce2:;  or 

7.3P97  06 
2i069T  C7 
1.14  V-'  C7 
i.ati-  c7 

2o  1 or:  0 7 

A.9T1-  C5 

i C 1 ' C9 


sa.i  74 
C»<i40 
0.202 
0.132 

■ 0.20/. 
0.242 
0.3  70 
0.009 

60.689 


-««««•  c XPOSUBF  ihofa:  fN-eGv>;.ooo  m^;v  «*4«« 

l.lTttlSITV  '.XPOiUR*-:  TSUL  « 

PAMC2S  PUPATION  ACCLOLLATfr 

• /tM«*2/SFC  lMlu-91  P»OTICLr< 


U ®u.OX 

0- i.-;i 

1-  1 .3  2 

2*  1 .5  3 

3-le  s4 


U .300 
C.  900 
1 . M;  7 


l>3‘49-  04 

• •02t>  OS 
:.5?ir  06 
A,  lAS-V  C7 
4.S-T2*-  C7 
C.  0 

<3  0 


V ias>»  07 


• •••  CCPFjSITr.  jrOIT  SPcCTkUM  ♦•••  TAU=  l.OC  »BAfl(S>  .. 

TK-PCV  AVEPACCC  AVCNACEO  AVERAC^r.  AVERAGED 
•l«VM.-S  — INTLG.PLWX-  -4*«T^.roVX  - -tM-1<-C.Fc;LX  < DIPPFR.FLWX-  • 
XMCVl  »/C'>)**2/S£C  •/CM**2/UAV  •/CM««2/TAU  </C  • • «2/S£C /Ki:  V 


• 4000r- 

.70001 
.1000£ 
.6000 
1 lOOO 
.--2.000- 
3 .OOO 

4.000 

5.000 

6.000 
Ou  000 
10.00 
16.00 
-SO.OO-' 
2£.  OO 
30. UO 
3S.  00 

40.00 

45.00 
60.  OC 
60.  OO 

- 00.-00  - 

100.0 
160.0 
200.0 
260.0 
300e0 
359  .0 
400  .0 

•SOOoO  - 


•916.45ir  04 
•CI4:  9e7.r  04 
,00J.913£  .04 
6.967.;  03 
3.621*  03 
■ — 4.60a£-0.2- 
1 .341  I i>3 
1.1 7S«  03 
1.061^  03 
>.702“  02 
. . 0«663C  O 2 
7.000*  02 
6.6671  02 


Se.  390“  02 
6.0C7-;  02 
• •4.T49“*02 

•♦.SOor  02 
..  4.2771  02 
4*0oir  02 
•.67«>';  02 

A^O£7-=-  -02  • 

2.490*'  C2 
1>5243  02 
1.397"  01 
S.647-  01 
3cti3t.  01 
2.291'.^  01 
I.44IL  O! 
OO 


6.5741  09 
4.3U9-.  u9 
3.3ei_  ds  . 
b.laor.  Ud 


9.1601  07 

а.  462.^  07 
/.  4cdi3  0 7 

б. 746-  0 7 

6.7  70-  0 7 
6«02G6  07 
4.66  7.'.  0 7 
4*3261.  07 
•4.103C  07 
6.693L  07 

3.696.  07 
.>•600:  07 
j . 1 79*.  U 7 

•«.6I6£  -07 
«.16bc  07 
»>2l7.i  07 
8.U9C  06 
6.032s  Oo 
O.lbbt.  06 
1.9  79c.  06 
1.2466  Oo 
6.9Sle  06 


2 . 

1 . 


234*r  12 
1.E82V  11 

£.265"  1€ 
.5.G66b.-ia— 
4. 2 3 Or  10 
3.7CSr  1C 
2.3461  10 

3.C8S1  1C 
2*  732-  10 
2.4621*  1C 
2.1C9<'  to 
U433a  -10 
Ic  7001  I C 
1.579P  IC 
1.49  81  IC 


421** 


10 


1.249i..  AO. 

1.28ir  10 
1.160r  10 

9. <45/  -49-  - 
7. £77;-  C9 
4.eocr;  C9 
2.9641  C9 
t.£44-  C9 
1.152?  CS. 
7.224«  ce 
4.64  2r  ce 

MerC7f  <8  • 


3.40EE  02 
<.E79F  C2 
3.  71  C£  02 
3.  Edit*  01 
2.1S7H  OC 
-4.-2JAC  -43C-  . 
i.srsi-oi 
1 . 71  lfc-01 
9.<83*-C2 
7.eS2t  -02 
5. 123C-C2 
3.  473r-C2 
1.946F-02 
-t«  sa-Mi-od- 
£.£e0F-03 
C.4D9*-.-03 
5. 27er-03 
4.620L-C3 
4.94  6E-03  . 
4.652L-03 
2.792E-C3 
4«-8d8»--«2"- 
2.SS4F.-03 
1.470L-C3 
E.  21  4P-C4' 
5.64IL-04 
3»509t;-04 
2.34  0T-C4 
I.107f-C4 
•2.  791<T-6S  - 


»*  J«3JTi«L  /LUX  STLl'Y  .JTM  CPM-'CSITr.  PAOTICLT.  f;KV|tCF"SKTS:  VrTT-’S  APdl  A. .6.  4feI/FOR  JOlAR  *»XIl»UM  •••  UNlFtUX  OP  1979  •• 

U9Ce.4lAlNTT  F4CT<iPS  <HP|  XfCLtFl*  e<;b  TM(5  APP<  4(6  4AO«»  l.Oi  FOP  IXN/B  8CN6--C4.F4T6CN.9  4AF61  « UF*  1.0  4* 

• • HaG-ccTIC  CJpPi'lNATbS  - 7 NO  u COpODTsO  RV  INVAPA  1972  »JTm  ALLMAG.  4U(>cL  61  BARRACLOUCH  CT,  AL,  168-TBR71  1975  • T|M.?«  1980.0  •• 

• • VtHlCtt.  : IRA  9 1 200  Kv  •«  (NCLIPATKSs  COIFC  ••  PrP|CFP.«  1200km  ••  AMUoEts  l2dOKV  ••  U/i  DPEM  TAPE:  1C6403  **  PERIOD*  1 .824  •• 

4«*««<««««*«****  it  "CTBWS  LO  *•••••••••«••••• 


6PuCTPU4  IN  P3ftC.=  NT  PuLT4 


iNLRCr  4Vr.AAG::3  AVt?AG.;j  STsCTPUM 

RANCl  i ^OTA^  PLtX  TDTAL  «LLX 

/(Mivi/aJL  •/CM..2/3GC  »/'!*'«  43/LAV  bIRCKaT 


•**••«  COMPOSiTc  OROIT  SRECTRLP  ••••••  TAU 


1.00  YR(£1 


• IdUO-.bOOJ  1.948'-  C6 


•«% 

c- 


•SOdJ-l .00 J 
1 .300-1  .500 
1.50  0-2.060 

2.0dU-3.t;oj 

3.000- 4. 700 

4.000-  6c  OUw 
- 6.09  0-6  . UUO 

6.000- .1VLA 

TOT  A- 


5.  9 £7.-.  C4 
1.258F  04 
4c  774;  05 

2*669>.  0 5 
7.9fj;'  02 
UC36'  C2 
9. 77 1 F OO 
1 .4  78;>C5 

3.029"*  06 


1 . 6 E 3>- 


1 1 


.17  2':  09 
1 ,Cf  7T  09 
4c  1 2 •-  C £ 

2.2  2C3  08 
t.dEC-  07 
Ir  41  2"  C 7 
e.4  4 2-  05 

1.2  7 7«  32 


2.330 
C.427 
0.1  62 
0.067 
C.027 
0.006 
0.000 
0.000 


1.75 


1 1 


I APij^uP-:  iML-.x:  .:n iPov > .6000 


• /<.M»«2/SEC  ( MC‘OFSI 
2cP.O  PLJX 


1 .t  1-  1 .>'2 
I .i-2-  1 .6  3 
—————  I »e  3—  1 .F  4 • 


1 .t  7-0  VIR 
‘ TOTAL ' 


C.C33 
1.100 
1 .C33 
-£•435 


TOTAL  • CF 
ACrUFULATic 
BA^T I CL*9 


♦i  5C8/  07 
*.  278*  og 
f.l703  CS 
l>22T«  09 


<>966*'  09 


AVEPAG6C  AVEKACLU  ••••  AVERACE1  IKTECRAL  XILEKCE  ••• 

ENCFGV  IMiC.FLUX  lNTt.G.Fu.UK  • TOTAL  • INNER  ZONE  * CLTER  ZONE 

LEVL'LS  ••V0TAL*»  ••^oTAL**  ••  • 4 . 4 ♦ • ♦ 4 4 4 ♦ 4 • 4 • 44  • • • • • 4 4 • ••  ••  ••  • 

X.fVl  •/<•»•  •3/S--C  •/CM*.2/UAr  •/CM**2/TAL  •^CA4«2/TA0  l/<***2/TAL 


.4000F 
,7  000“^ 
•lOOCF 
.2003 
.3000 
•4000 
• 6000 
• .^9««  - 
•7000 
• 6000 
•9000 
1 .OCO 
1.350 

1.500 

1.  750 

- 2MOO  ■ 

2.250 

2.500 

2.  730 
3.000 

. 3.250 
3.600 
3.750 


'012.9493  06 
'012.4411  06 
002iC29T-06' 
9. 4:9?  05 
. 4.008“  05 
1.7231  06 
R.07<>B  04 

5.417=  04- 

4, COT"  04 
3.170"  04 
• S.SeST  04 
2.070F  04 
. Jo314:i.  04 
8.31  3«:  03 
£.411.-  03 
. — a,434Nii'  03 
2. <323  03 
1.9  35-:  03 

••  -r.33or-or 
9. <951  02 
- .C.158£_02. 
3. 998.:  02 
2.<24~  02 


4.600  4.112"  01 

5.000  9.773H  00 

5.SOO  ' r.*138'*'Off 

6.000  1.470E-O3 

...t  • 50.0 Om£ 

7.C0C  C.O 


2.S4aC  11 
2.109L  11 
• *1  .753C  11 
8.I47H  10 
3.5o2£  10 
1 .4d9L  lo 
6.970c  09 

— A.458t  --•*••• 
3.6512  09 
2.7394.  09 
2.216C  09- 
1.8U6d  09 

..1.136E.  09 
7.1a3K  06 
4.47Sd  08 

- • ■J.Oto74.--9«  • 

2.240L  06 
1 .664L  06 
— 1 .1605  08- 
8.377E:  07 
5. suit:  .07  . 
3 .4541'.  07 
2.267ti  07 

3.S531s  06 

9.444E  06 

•-1.  00TK  05 
1.27/L  02 

.(L*0_...  

0.0 


9.3C1E  13 
7,69»*r  13 
6.59TE  13 
2.974F  13 
1.2  6VF  13 
6.435F  12 
2.S4?r  12 
— 1.7-7  le- -Vi— 

1.289F  IS 

9.S97F  11 

а. OEAE  II 

б. b90E:  11 
._4,143F._11  . 

2.622C  11 
1.7CCE  II 
-4-.144C-  14  — 
0.2C5E  10 
6.072E  10 
-4*2-2ir  iO 
3.057E  10 
. 1.942E  10 
1.2<18  1C 
8.275E  09 
'-^443F-«4  - 
1.297E  09 
3.0E2E  08 
3.6534  07 
4.661E  04 

9.0  

0.0 


7.C<3C  13 
5.ieTC  13 
2.<£7E  13 
1,C91«  13 
3.95EE  12 
1.441E  12 


.929t  II 
3.226U  11 
2.314C  11 

1 . EteE  1 1 
9.9!cE  10. 

5. *C7E  10 
3.153C  10 

4 O- 

1.76EE  10 
1.1941:  10 

6.  <73«--09  • 
2. 19SE  09 
6 . » 4 1 e .0  8 

2. <tbE  08 
6.4E2F  C7 

-l.-447(V-4'7' 
e . t e OE  C5 
o.c 

0.  c • • 


7.9S6E  12 
e.351C  12 
5cl01E  12 
3.162E  12 
l.VBOE  12 
U477E  12 
1.1 06E  12 
— V.a74V-  -14 
7.960E  II 
E.771E  11 
5.T70C  11 
4.924E  11 
3.147C  11 
2.025F  11 
1 .311 E 11 
.--6.B38E-  la 
6.437E  10 
4.879E  10 
-3.7146  to 
2.838E  10 
1.87SE  10 
1.240C  10 
8.2106  09 
— 6.4446  09 
1.2966  09 
3.082E  08 
3.6S3E  C7 
4.6616  04 
_ 0.0 
C.O 


AVER*G?3 
DIFFER. FLUX 
..TOTAL** 
•/CM**2/SEC/KEV 

1.2376  04 
1.8736  04 
1.5786  04 
7.4126  03 
".2186  03 


1.322S 


03 


s.oiez  02 

2.2I8S  02 
1.19  36  0? 
7. ROSE  01 
6.2436  Ot 
4^3306  Ot 
,2.3942  01 
1.4428  01 
£.9916  00 
..5.32oe  90 
3.4538  00 

i.sote  00 

1.9146  00 
1.4748  00 
1.032C  00 
7.1 795-01 
«.7S78-01 
3.3646>01 
1.2565-01 
SoA346>02 
S.5448-03 
6.0886-05 
0.0 
0.0 


TaMc  IS. 


••  OneiTAL  n.Ux  STU0«  hITH  COMPUSITC  PARIICLfe  £KV1  RQNMCNTS:  VeTTCS  APa  t AL6*  Af-IT  FOR  SOI  AR  HAXIMl**  •••  UNI*LUX  V 1«70  •• 

__**_tiNCfiRTA|NTr  FACTORS  (UF)  APPuISa  FOR  1HI  S RLA  ARC:  FOR  PAOTCNS  CAPO)  - UP«  2.01  FQR  INNCR  ZOnC  ^ECTBOwS  CaBAI  - 9.0  •• 

••  MAOHftlC'CUORbtHATUS  S AWO"  t COWuTcU  By  IKVARA  OF  1972  AlTH  ALtMAC*  MOOGL  5:  BARRACLOUCH  ET,  AL.  168-TEW?  • TlMt*  I96D.0  •• 

«•  VCHlCLt  : IRAA  600  KM  ••  lACLlNATlUKa  COLfbC  ••  PbRIOtga  AOORM  ••  APOGEC*  tiOKH  ••  B/L  ORBIT  TAPE:  TDS962  ••  PSRtOOa  l.All  •• 

PACT  CAS  *••*•••••••♦•••• 


SPECTRUM  IN  PERCENT  UiLTA  ENERCy 


*•••  COMPOSITE  ORBIT  SPECTRUM  ••••  TAU>  1.00  TEARIS) 


ENEB  CV 
BAN««S 

-»/  IMtV  irSEC 


10  .oo'Sa  .00 
29.0  O' so  .0) 
— aO'iAO-  too*9- 
lOO.O^SOO.i) 
_B00. (HOVER 


AVERaCCO 
TOTAL.  FLUX 
»/0«»P«/9EC 


AVcRaCEO  9PECTRCF 
TUTAL  FLUX 
»/CM**fA>AV  PERCENT 


• 068t!  01 

- -xAAii  ja.. 

I.202E  01 
1.673E  01 
-S  (MOe-  4H  • 
3.62BE  01 
6.67e|H0i 


S.20CE  oa 

S.661.T  06 
• I.802E  06 
-.X.209E  09.. 
l.OOOfc  06 
1.4A9E  06 
- 1.97CB  06 
3.134t  06 
s.76'ae  04 


90.977 

0.147 

0.206 

0«CA2 

0.216 

0.16S 

0.226 

0.396 

0^407 


TOTAL  6.222(1  C3  S.376E  66  61.466 

*•••«  EXPUiURE  Index:  ENt'ACTXS.COO  MciV  ««4«* 


zeao  R.UX 


1 .E4« I .ES 
1.I9-1.E6 
"T.tfr-T.ET  ■ 
1.17-QVER 


• 433 

. 700 

• OU6 


OTAL  a OF  . 


-X.6flflL.-6.a.. 
6.247E  04 
0.606T  C9 
0.«72te  <6 


>OCv> 


AVERAGED  AVERAGED  AVERAGED 
INTSG.FLUX  INTCC.r.UX  DIFFER  .FLUX 
•/Cm**2/SE€  •/CM4P2/DAV  p/CMa«2/TAU  P/CH  ••2/lEC /KE  V 


• AOOOE'Oll . 
.7003E-9I7. 
•tOOOE  006 < 

•9000  0< 

1.006  3. 

2.0U0 

3.000  1. 

4.006  1< 

5.000  1. 

6.000  1. 

6.0CO  1. 

10.00  9< 

19.00  6< 

20.00  6« 

29.00  7. 

30.00  7. 

11:88  i: 

45.00  6. 

60.00  9« 

..  60.i)lO  ..Si 

60.00  4, 

100.0  3i 

160.0  2. 

200.0  1. 

260.6  7. 

300.0  4i 

360.0  2. 

400.0  ti 

800.0  6. 


012E  04 
604E  0 3 

2226  fij 
700*  02 
394L  02 
9339  02 
616^  02 
416E  02 
278E  02 
1 792  02 
069£  02 
660E  0| 
676E  01 
1 1S£  01 
6976  21 
2466  0 1 

mi  a 

27IC  01 
966.:  01 
4146  01 
490£  01 
694k  0 1 
1U6E  61 
336E  01 
991E  00 
6ISS  00 
922£  00 
77S£  00 
6 7o:f*0  1 


6 .7436  06 
6.820E  36 
6.376C  06 
r.606E  07 
2.933S  U7 
1.670E  07 
1.30SC  07 
I.222E  07 
1.104E  07 
1 .0  leC  07 
9.240S  06 
6.619E  06 
7.669E  06 
7.0116  06 
6.6  16E  06 
6.260C  06 

drl&li 

5.4166  06 
O.lTtfi  06 
4.677L  06 
3.6S0E  06 
3.192C  06 
I .699E  06 
1.1666  06 
6.904t:  00 
4.160E  05 
2.924E  06 
1.333t  05 
9. 7662  04 


3.19i:  11 

2.4O0E  11 
1.9626  11 
2. 7696  10 
1.070E  to 
6.3966  09 

s.ovae  09 

4.462E  09 
4.03CC  09 
3.r>7E  09 
3.3726  09 
3.1O0C  09 
2.790E  09 
2.9SCr  09 
2.6iai  09 
2.26 ;e  09 
88 

1.977E  09 
I.067C  09 
1.70  7C  09 
1.405E  09 
I.169G  09 
6.93  IS  00 
4.220F  06 
2.926C  06 

i.siec  06 

9.213*  07 
9.9916  07 

2.ioee  07 


9.140E  01 

t.iooe  02 

9.0242  01 
9.909S  00 
3.330*-0l 
i.639e-et 
3.02e>  02 
2.078E-02 
I.193E*  02 
8.3ee*-03 
0.0C6E«03 
3.2476>03 
I.633E-03 
1.1 T|p. 03 
0.4|6E«04 
7.0126-04 

6.T7X-  04 
6.601E-04 
9.9426-  04 
4.9476-04 
3.630R-04 
2.2I3B-04 
1 .3206-04 
a.l24f-09 
4.9  746-05 
3.193E-0S 
1.4476-  09 
4.76^-  06 


yyaa •*4**«*44P*P»*6*46»P**4»44»64****4»*06P**» 

— qPEI*i«L  Mfn'  ET‘5**  .fT'  ‘••^*“**^**  *»  “*^***^‘*  *^*^***»^*^**  “^^-  VfiTTES  APO  t ALO.  AE17  FOR  SOLAR  MAXIMIAI  •••  UMIFLUX  QF  |079  •• 

••  UNCeRTAINTr  FACTORS  ( UF 1 AFPLIEO  FOR  in|  6 BLN  ARES  FOR  PROTCNS  (Al«>  - UF*  2.0t  POP  INNER  ZONE  ELfCTBrtMS  14661  - \^m  B.6  66 

6«  HXGN6TIC  COOHOINATei  6 AND  L COMPuTcO  6V  IXVARA  OF  1972  «lTn  ALLMAG.  MODEL  9:  6AARACL0UCH  H*.  AL.  168-TERH  1V73  6 TIh6m  1990.0  66 

■66-yEPttV6~t~tBA9-600-AM  ««■  IMCLINAUOR*  6iJU4<>  6«  PERIOEL*  OOOKM  6*  APOGtE-  6>0KM  ••  B/L  ORBIT  TAPE  t T09362  66  PtRIOOa  1.611  6* 

MM««  ••66  4 64  66  a 66  66  46  66  666  6 • 6 «6  4 6 6 6 • 4 « 4 * 6 • « 4 4 444  ••••  ••••a  ••••  4 •••  ••••  •«  4 ••  •••  ••  • • • 4 ••  ••  ••  • • • 4 • 4 4 44  4 • • 4 444  44  444  ••••  44  4 ••••  44  44  4 •••  4 4 
M44444444446644  ML6CTRCK9  Ml  •••••••••••••••• 


• 6-SROCTRUM  |N-#»6ReeNT  DELTA  EnERGV  ••••• 

[Naatfy aV6R'aC£D 3\EHAceO*  SPCCTRLM  ' 

TOTAL  FLUX  TOTAL  FLUX 

-^.AiXJl*.k2/aA.t..PfeRiXlll  > 


644444  COMPOSITE  OROir  spectrum  444444  TA L>4  1.00  VRISl 


.1000-.9000  0.4I3C  06 

— «WO»*r.9O0  *•  2-.S496-64 
1.000-1.9UO  4.961E  03 

-kmK«eSSS-f:4ISS-?^ 

3.000'4.001  4.6716  02 

A.ooaiaB.oao  a.oAon  o? 


7,26«e  10 
-t.62«k  09 
4.304b  06 
2.009E  OS 
"I.4TCE  06 
4.20C6  07 
3-3A1A  OT 


6.740C  06 


7.6976  10 


90.4CS 

i.«ei 

0.392 

0.  144 
0.121 
0.034 
OaftlS 
0.  (106 
0.001 

41 .142 


4444«  EXPU6URE  Index:  bNERcvx.eooo  Huy.***** 


4F<M662/9EC  (MOURSl- 

2600  FLUX  19.000 

Ufo-  I:EI“  • •'  0."367- 

1.61-I.E2  3.467 

1«42-1.^3_ o.zjg.. . 

1.63- 1.64  1.333 

1.64-  1.69  3.400 

-7.E9-l.b6  -1.667 

I.E0-1.E7  0.033 

l^ET-OVER  0.0 


PARTICLES 

0.0 

C.404E  03 
7.9336  C4 
S.4111C  C3  . 
1.631C  G7 
9.674E  C6 
2.16S6  C« 
1.247E  CC 
0 .0 


TUTAL 


23. S47 


EICHGV 

LEVELS 

.40006- 

•70006- 

•lUOOE 

.2000 

.3000 

.4000 

.•a&Do .. 

.4000 

:^3a8 

.9000 

1.000 

1.290 
l.SOO 

. .1.790  . 

2.000 

2.290 
2.600 
2.79C 

3.000 

3.290 
3.  900 
3*  790 

4.000 
4.900 
9.600 
9.600 

6.000 
6.  900 
7.000 


AVERAGED 
I KreC.FLUX 
• •TOTAL** 
*/Ca**2/SLC 


■ott.ilOe  64 

006.T46;&  99 
3.343i:  09 
1 .3996  93 
6.441b  04 
3c334E  04 
2.3926  04 
I.608E  04 
••443£  04 
1.1666  04 
9*6936  03 

o.asse  03 

4.972E  03 
3.9006  03 

а. StOc'  C3 
1.9366  03 
1.4606  93 
1.103S  03 

б. 376U  02 
6.606E  02 
9.360E  02 
4.330E  02 
3.90OC:  02 
1.742E  02 
6.4002  vl 
2.960c:  01 
7.726E  00 
6.6372^1 
0.0 


AveA4CEO  ****  AVEBAGfeO  INT601AL  FLUENCE  •** 
IMTEC.FLUX  4 TDTl.  * INNER  ZDNE  * OUTER  ZOIC 

**rOTAL*«  •••••••••••a** ••••••• ••••••••••••• 

•/CM442/0AV  #/CM**2/TAU  »/CN**2/TAW  4/CM4*8/TAV 


1 •ZZiC  1 1 

o.seob  10 

7.9S7t:  10 
2.9231::  10 
I .2091:  10 
6.966E  09 
2.6B1E  09 
2.0  66E  09 
l.9621£  09 
1.246b  09 
1.326b  09 
6.9I3L  06 
9*9926  06 
4 *2696  00 
3.3316  06 
2.200C  96 
1 .6  746  0O 
1 .2796  06 
9 .920C  07 
7.239b  07 
9.7616  07 
4.631b  07 
3. 74  IE  3 7 
3.0Jtb  07 
1 .609l  07 
7 .600C  06 
2.237b  06 
6.677C  9 3 
9.933C  94 
C *9 


4*469E  13 
3.990E  13 
2.756E  13 
1.047C  13 
4.4116  12 

2.0316  12 
l.OSlE  12 
7.942b  11 
9.701E  11 
4.9906  II 
3.746b  II 
3.1076  II 
2.172E  II 
1.936E  II 
l.lOOe  11 
S.0296  10 
4.11  IE  10 
4.6666  10 

3.476E  10 
2.642E  10 
2.1036  10 
1.6906  10 
1.366C  10 

1.1066  10 
9.493E  09 
2.7376  09 
6. 1646  CO 
2.4376  06 
2.1666  07 
9.0 


4.0366  13 
3.1646  13 
2.4906  13 
9.0946  12 

3.39SC  12 

1.24SE  12 
4.6*eF.  II 
2.9636  II 
l.46»  11 
9.43CC  10 

6.70  16  10 

4.7916  10 
2.93X  10 

1. eox  10 

1.19ce  ID 
7. 99*  <59 
9.39SP.  09 
3.6076  69 
1.4436  09 
5.  0406  00 
1.8666  06 
6.14  16  07 

2.  I 126  QT 
3.60C6  06 
0.0 

0.0 


3.3416  12 
2.6706  12 
1.4496  12 

1.0406  12 
7.620E  >1 
9.B4BF.  It 
4.9796  II 

4.2336  II 

3.6066  1 1 
3.0  7 06  11 

2.0266  II 

1.6796  II 
1.3966  II 
9.6606  10 

7.2336  10 
9.5766  10 
4.36SE  19 
3.334E  10 
2.9646  1 0 
2.0046  10 
1.60*6  10 
1.36^  10 
1.1066  10 
9.4936  09 
2.7371  09 
6.1646  06 
2.437:  06 
2.1666  07 
0.0 


AVER40I0 

DIFF6R.FLUX 

••TOTAL** 

»/CM**2/9eC/KeV 

7. 92  re  03 
I.077E  04 
0.0776  03 
3.0796  03 
I.I24E  03 
4.95  96  02 
I.007E  02 
6.4096  01 
4.70IB  01 
3.21 06  01 
2. 9296  01 
1.737E  01 
9.6246  00 
6.4146  00 
4.9236  00 
9.0966  00 
2.1916  00 
I.644E  90 
1.2096  00 
e.9716-01 
6.0736-01 
4. 6706-01 
4.7176-01 
3.9246-01 
2.9476*01 
1.4616-01 
6.6666-02 
1.6961-02 
3. 790E-03 
0.0 


lO  5 

c > 


»•••  AVM«*G£0  INTEGRAL  FLUEMCE  •••  AVERAGED 

tSc'  wV  -v.-^ -liri.'  .vvi_  G'^CI-O"'  I -J  0 .£  LUX  INTEG.ELUX  • TOTAL  » JNNEf.  ZONE  ♦ OUTER  ZONE  01FFER,FLUX 

FA:^ol3  TJTAL  TLJX  T'JTAL  flux  L-VILS  ■••»VJTAE»y «»TOT*C^ ♦*♦♦****■♦***♦♦*******♦»♦♦***»♦*♦♦♦ ♦♦TOTM.** 

• */CM*«.Vw  i '/I. V t>.  t.Cw>1  >tXfw)  A/CRwAa/SCC  •/CM**2/UAV  »/CW**2/TAU  a/CMAAZ/TAU  »/CM*«2/rAU  •/CH**2/5EC/^KEV 


TrTTYTTTT^W 


**  ORBITAL  FLUX  STLOY  »1TH  CCKPCSITE  PARTICLE  EFV  IF  CAM  ENT  S : VETTES  APBI  AE6.-  AEI7  FOR  £OLAR  MAXIFUM  ««•  UNIFLUX  OF  19/9  •• 
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MASNrTi:  CCORDI NATES  B AND  U COMPUTED  BY  INVARA  3F 
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• • MAGNETfC  COOROINAIES  B AND  L CONPUTEC  BY  INVJIPA  CP  1972  WITH  ALLWAG*  MODEL  S:  B 
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WUMflEB BMfflllMTPBFn  IflKGlTUDE  LATl  TUOE ALTITUDE ^ PEB  QRflIT 
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T^bifc  aH 


) ^663  3 


CIRCULAR 


INCLIhATIQR:  60  OEG 

PgRIGBE: BOO  KR 

APnCEEi  fiOO  KW 


«*•«  EXPOStRE  ANALYSIS 


FRCTCNS  ELECTRONS  LO 

<B»6.000MBVI <B».6C00MBM» 


ro^CHHT'  OF 

TlMg  SPgMT 

TOTAL  LIFE- 

IN  PLLA-PRgg 

REGIONS*  OF  SPACE  : 

40.62  X 

62«S9  X 

PDICENT  OF 

TOTAL  LIFE- 

TINE  SPENT 

IN  HIGH- 

intensity  I 

REGIONS^  OF 

PERCENT  OF  TOTAL  OAILT  " 

FLUX  ACCUNULATEP  IN 

Hl6H- INTENSITY  REGIONS:  7S.I9  X CC.E3  X 


»- «l  PARTiCLeA!N*«g^6EC 

♦ >1.E5  EL/CWAA2/3EC  OR  1 «E3  PB/CNAA2/SEC 


Taiol' 


CIRCULAR 


ikcli^aticn:  60  ceg 

perigcf; eoo  — 

■■  A.FCGEE.; fiflO  l<» 


* PERCENT  OF  TOTAL 

LIFETIME 

SPENT  INSICE 

AND  • 

* OUTSIDE  THE  TR/IPPEC-FARTICLE  RADIATICN 

BELT  * 

(1*0  < L < 

i.E) 

OUTER  ZCNE 

-TO- 

27.34  X 

tz»e  < L < 

n.ot 

EXTERNAL 

-TE- 

; 

14*05  X 

IL  > I1*0> 

TOTAL 

: 

lOOmOO  X 

♦TIME  IN  INKER  ZCNE  MY  BE  SLBCIVIDEP  AS  FOLLOWS: 


OUTSIDE 

TRAPPING  REGION  : 

7*93 

% 

INSlOb 

LIaJL- 

TRAPPING  »4;GIUN  : 

bU*4V 

TIME  SPzNT  IN  FLUX-FN££ ^ OUTER  ^ONE  -TO-  ; 27,i>2  It 

RHCilONS*  OF  SPACE  : 63,I6  X 53*79  X (2*6  < L < 11*0) 


PERCENT  0=  TOTAL  LIFE-  EXTERNAL  -TE-  : 15.50  X 

Time  SPENT  in  high-  ( l > 1 1 • o > 


11.1  < L < 2.8) 


IR#S  1200  Kl» 


IR4S  1200  KM 


Cl  RruvKP — 

l-NCLlAj>TICN_;  60  D£€ 

perigee:  1200  km 
apogee:  1200  KM 


CIRCULAR 

1>CLI.M_t1.Cn: eo  C6G 

perigee:  1200  MM 

apogee:  1200  MM 


****  EXPCSLRE 

ANALYSIS  **** 

* PERCENT  OF  TOTAL 

LIFETIME  SPENT  INSI CE 

AND 

♦ 

PRCICNS 

ELECTPCNS 

LO 

(E>5.000MEVI 

<E>*eOOOMEVI 

INKER  2CNE 

-TI-#  : 56*19  X 

PERCENT  OF  TOTAL  LIFE- 

(1«0  < L < 

Z*  6 ) 

TIME  SPENT  IN  FLLX-FREE 

OUTER  ZCNE 

-TO-  : 28*51  X 

ft£^*IuNS'M”UF — SPACE  . 

— 

IA«  C8 

X 

l2sS  « L « 

'llVOT 

PERCeNT  QF  TOTAL  LIFE- 

EXTERNAL 

-TE-  : 15.30  * 

INTENSITY  REGICNS'Y  OF 

VAN  ALLEN  BELTS  : 

14«33  X 

22  «E4 

X 

TOTAL 

■ ' “ 1 loo*  00  X 

PERCENT  OF  TOTAL  CAILY 

FLUX  ACCUMULATED  IN 

♦TIME  IN  INNER  ZCNE 

MAT  BE  SteClVlDED  AS  1 

follows: 

HIGH— INTENSITY  RCGICNS* 

99i80— » 

91’«74 

OUTSIDE  TRAPFl 

[NC  REGION  : 0*0  X 

ll«0  < L < 

UI  > 

INSIDE  TRAPPING  REGION  : 56*19  % 

C 1*1  < L < 

<*  8 1 

♦ <1  PARTICLE/CMA«2/SEC 

♦ >1.E5  CL/CMAM2/SEC  CP  1 ,£3  PR/CM#A2/S6C 


Tabk  an 


****•*****»•****■********«*««****«  ***•»**•» •***»***»»*t***»****»***»»»**»*»t*»ti*»***»»****t****4*******  

*«  ORBITAL  FLUX  STLDV  kITH  CCXPOSlie  PARTICLE  EAVIRCXMENTS:  VETTES  AP8;  AE6.  AEI7  FOR  SOLAR  MAXIFLM  **«  UNIFLUX  OF  1979 

**  UXCERTAINTV  FACTORS  lUF)  APPLIED  FCP  THIS  PUN  ARE:  FCR  PROTONS  (APS)  - UF-  l.OS  FOR  INNER  20NE  ELECTRCNS  IAR6I  - UF=  1.0 

»*  MACWeTlC  C00RDINA-T6a  0 AND  L CONPUTEO  0»  INMAPA  OF  197C  WITH  ALLMAC.  MOOtO-  61 BARRACLOUGH  ET.  AL.  168-TERM  1975 ♦ TINE-  I98».0 

**  VEHICLE  : IRAS  600  KM  **  INCLINATICN=  80CEC  *•  PERICEE=  600KM  **  APOGEE=  600KM  «*  B/L  CREIT  TAPE:  1CS362  ««  PERIOD-  1.611 
A**************************** «*««•«** **««*«**•«*«•«««• ««*•*««**«•••*«•*•*«*«••««•«•••*«*«« *«*•««•«**«••«•««••*«••**«•••*•*«««••*•• 

r rrvvTx  ENEPC-enc  solar  ppoiun  fluence  »>>»»» 

«••«*  FOR  CUTOFF  DIPOLE  SHELL  L=5  ER  •••♦» 

««  kkAXtkkkk*  IPARTin  FRyCM  


FMPOtf^V 

DURATXGN  T=12 

gCKPlCFM/^F  1 g\lgj_ 

• MONTHS  444444 444«4«44444 

OtlLJ 

GEOMAGNETIC 
ntpri p 

SHIELDING 

PERCENT 

LEVELS 

XMEVI 

ex 

65 

90 

9S 

99 

CUTCFF 

SHELL 

EXPOSURE 

TIME 

10.0 

4.604E 

09 

4.604E 

09 

4 .604E 

09 

4.604E 

09 

9.208E 

09 

L>4 

32.27 

20.0 

3.1  S7E 

09 

3.1S7E 

09 

3 .1S7E 

09 

3.157c 

09 

6*314E 

09 

L>5 

27.40 

30«0 

X.  1 c rc 

09 

E'^rSbE 

09 

mill 

UU 

2VTB5E" 

uy 

4.329E 

■09 

T76 

^3*  50 

40.0 

1.4E4E 

09 

1.484E 

09 

1 .484E 

09 

1.464E 

09 

2.966E 

09 

L>7 

20.58 

1 . At  ^ 

t ..  A 1 AP 

09 

1 .01 6E 

09 

t .A  t Air 

09 

2.0356 

09 

60«0 

6.97EE 

08 

6.978E 

08 

6 .9768 

08 

6«978£ 

08 

1*3«6E 

09 

7C  0 

4«  7C4E 

08 

4«  784E 

08 

4«7646 

08 

4.784E 

08 

9.569E 

ce 

90«0 

2.24SE 

08 

2^249E 

08 

2.I49E 

08 

2«249£ 

06 

4*4 99E 

08 

too*  0 

1.S4ZE 

08 

1.S42E 

C8 

1 .S42E 

08 

1 .S42E 

06 

3.0EEE 

ca 

11  U.  0 

1 . osw 

08 

mrsHE" 

to 

1 •il3cb~ 

"08" 

1 .U58b 

“08 

2“1TSE  ■ 

“08 

120.0 

7.2S1E 

07 

7.2S1E 

07 

7.2S1E 

07 

7.231c 

07 

1 .4S0E 

oa 

A 

4.4  7 2E 

AT 

A«079P 

07 

4^9796 

07 

4.9  79£ 

07 

9.944E 

C7 

140.0 

3.40SE 

07 

3.409E 

07 

3.409E 

07 

3.409E 

07 

6.816E 

07 

ISO.O 

2.331E 

07 

2.337E 

07 

2.337E 

07 

2.337c 

07 

4.67SE 

07 

170.0 

1.  OOfE 

07 

1.099E 

07 

1.099E 

07 

1 .099E 

07 

2.10EE 

07 

180.0 

7.S3SE 

06 

7.S3SE 

06 

7.S3SE 

06 

7.535E 

06 

1.SC7E 

07 

nmro 

SmTTE" 

U6 

"5«"l6/b 

90 

S'«"16  7E" 

06 

6«tofc 

U6 

1 1 1 II  ■ 

0 J 

200.0 

3.S43E 

06 

3.S43E 

06 

3.S43E 

06 

3.543c 

06 

7.0EEE 

06 

< 


ToIbIc. 


*•••••*»♦•♦*♦•♦••****♦****♦♦•♦*♦♦•••••*•♦*••*♦♦♦*♦**•♦*•♦••***••♦*•***•••*****♦♦*♦•♦•»***♦•♦**♦♦♦•♦*♦♦♦**♦••**•**♦*♦***♦•♦*»*♦*•**** 

•*yO^'BITXL  FLU*  STUJT  Wl  IH  LUHPOSITE  PAHTICLE  ENVMRDNtfEIMTSt  VETTES  APS;  AE6.  AE17  FUW  SOLAR  MAXIWUW UNtPLUX  OP  19T9 *-*■ 

••  UNCERTAINTY  FACTORS  < UF ) APPLIED  FOR  THIS  RUN  ARE:  FOR  PROTONS  <AP8)  - UF = l.OS  FOR  INNER  ZONE  ELECTRONS  ( AE6 I - UF=  l.C  ** 

«»  MASNETIC  COORDINATES  B AND  I COMPUTED  BY  INtfARA  OF  1972  WITH  ALLVIAG.  MODEL  2;  BARRACLOUGH  ET.  AL.  168-TERM  1975  * T 1ME=  1980.0  ** 

••  VEHICLE  : IRAS  900  KM  ♦*  INCLINATION=  99CEG  ♦*  PERIGEE=  900KM  **  APOGEE=  90DKM  •*  B/L  ORBIT  TAPE:  TD5376  *•  PER IOD=  1.716  ♦* 

m**************»m************m*******m**************************************************-****************************** *******  ******* 


******  SNBRGBTIC  SOLAR  BBOTON  FLUSNCE  ****** 
*****  FOR  CUTOFF  DIPOLE  SHELL  L=5  ER  ***** 
*************  iPAfillCt-eS/CI***2i  ************* 
******************************************** 


*****************H1SSJ0N  DURATION  T=12.  MONTHS  *****************  GEOMAGNETIC  SHIELDING 


ENERGY 

CONFIDENCE  LEVEL 

OC  %l 

DIPOLE 

PERCENT 

LEVELS 

85 

vu 

95 

99 — 

CUT OFF 

■■  EXPOSURE"’ 

XMEVI 

SHELL 

TIME 

10.0 

4.634E 

09 

4 «634E 

09 

4.634E 

09 

4 . 834E 

09 

9.669E 

09 

L>4 

33.56 

20  . . 

3.315E 

P9 

3.31SE 

09 

3.31SE 

C9 

3.3I5E 

09 

6.629E 

09 

L>5 

28.77 

1 ^SSBE 

09 

1 .ssas 

09 

1 .558E 

09 

1^558E 

09 

3.117E 

09 

L>7 

22.24 

5,7.0 

1 .069E 

09 

1 .069E 

P9 

1 .069E 

C9 

1.069E 

09 

2. 137E 

09 

oO.u 

7.3^/E 

uo 

f t e. 

08 

^ / E 

"C  8 

^ # c 

0 8 

i . 465E 

09 

7C.0 

S.('24E 

C8 

5.024E 

08 

S.C24E 

te 

5.02AE 

ce 

1.0C5E 

09 

ao.D 

3.AASE 

08 

3.44SE 

08 

T‘l*  1 «l 

oe 

6.889E 

03 

90.0 

2.362E 

08 

2.362E 

08 

2.362E 

08 

2.362E 

08 

4.724E 

98 

tor  .p 

1 .619E 

08 

1 .619E 

08 

1 .619E 

!■  8 

1.619E 

08 

3.239E 

08 

120^6 

7.ei4E 

07 

7 .6l4E 

07 

7.614E 

07 

7.614E 

07 

1.523E 

08 

I30.'' 

5.221E 

07 

5.221E 

07 

S.221E 

07 

5.221E 

07 

1.044E 

08 

1 0 

3 • 5d0  E 

~XTT 

■b  • c 

07 

T.saoE 

OT 

3.5B0E 

~07 

T.  1 S9E" 

07 

isr**: 

2.A5AE 

^7 

2.4S4E 

C7 

2.4S4E 

f 7 

2.454E 

07 

4.909E 

07 

IfiOmQ 

1.583E 

07 

1 .6A3F 

07 

1 .6e3E 

07 

1 .6e3£ 

07 

3.366E 

07 

170.0 

1.154E 

07 

1 «154E 

07  . 

1 .1 54E 

07 

1.154E 

07 

2.308E 

07 

iBp.r 

7.912E 

36 

7.912E 

06 

7.912E 

06 

7.912E 

06 

1 • 582E 

07 

200^0 

3.7iOE 

05 

3.720E 

0 6 

3.720E 

<6 

3.72CE 

Bm 

7.4A0E 

36 

T>U«.  A9 


*•*«**  «*«*•»«««*«*«****** *«««4*«***«*4««*«*44*  444 4 4444 44««444***««*««»4»**«*4*44i»4«« 44  4444444*4 4*4 444«*«44*««« 

4*  OKBITAL  FLUX  STUDY  4ITH  CCI4PCSITE  PARTICLE  ENV I PCNMENTS : VETTES  APS:  AES.  AE17  FOR  SOLAR  MAXIMUM  444  UNIFLUX  OF  1979  •* 

4*  UNCERTAIN  TY~FAXnjRS~~rOFir-APPCIhD  FCR  IHIS  RUN  ARES FCR  PHUIONS  lAPBJ  - UF=  l.O; FDR  INNER  ZONE  ELgCTFONV'J  ACBI  - UF=  I «0 •*- 

4*  MAGNETIC  COORDINATES  B AND  L COMPUTED  BY  INVARA  CF  1972  MITH  ALLMAG.  MODEL  5:  BARRACLOUGH  ET.  AL.  168-TERM  1975  ' * TIME-  1980.0  *• 

*4  I/EHICIF  : IHAR  1200  KM  44  INC114*Tlrfc=  FOrEC  44  PFRtfFF=  t 20QKM  44  APOGEE=  12O0KM  44  B/L  OREIT  TAPE!  TCS*QZ~~4*  PERIOD^  1.824  *• 
4**44 4444**4 44 4 44  4 44  4 4444  4444  44444  444  44  44  4 44  44  4444 44 44  4 44 44 4*44**4«****4* *4**4 **** 4*4 4 44* 44 444 4 444 44 444**44*4* 4**4 44444*4 4«*4**4**4* 

4444**  ENEPCETIC  SOLAR  PROTON  FLUENCE  4*444* 


4*4*4*44*****  <P ART ICLES/CM*»2)**« ******** 4* 

4*4***4*4*444*«************«**44444444****** 


20.0  3.3EEE  C9  3.365E  09  3.3CEE  09  3. ESSE  09  6.730E  09  L>S  29.21 

30.0  2.3C'£  09  2.307E  09  2.307E  09  2.307E  09  4.61SE  09  L>6  25.17 


1.7C8E  07 


laTOBE  07 


1.7C6E  07 


180.0 

e.032=;  06 

8.032E 

06 

8.032E 

06 

8 .0  32E 

06 

1.606E  07 

1^0«  0 

s.scee  06 

SoSCaE 

06 

S.SOEE 

06 

5 8S08E 

06 

i.ioae  C7 

TaV)\c  30 


OF  POOR  QUAUl% 


*♦  ORBITAL  FLUX  STLDY  «ITH  CCPPOSITE  PARTICLE  ENVI PCKMENTS:  VETTES  APB:  AE6*  AEI7  FOR  SOLAR  MAXIMLM  ««#  UNIFLUX  OF  197f  ♦* 

mm  U’tCERTAtWrr  FACT0RS~CUFT‘  APPLtgO  rCR  THIS  RUN  ARg: PCR-Pperows  tAP6>  - urs  -1%0; FOR  IKNgff  ZONE  eLCCTPCtO  -C AEOt  - UFa  1*0 

mm  MAGNETIC  COORDINATES  B AND  L CCMPU1E0  EY  XNVAPA  GF  1S72  WlTh  ALLMAG*  MODEL  SI  BARBACLOUGH  ET.  AL.  168-TERM  1975  TIMEa  1980*0  mm 

mm  YEMtCLE  : IRAS  6QC  KM  ♦»  INCLJKATICN^  6QCEG  ♦♦  FERir.EEa  6QCKM  ♦♦  APQGE£=  _6QQK_M  <»_  8/L  CB£1T  TAPE;_TC_S_36  2 ♦♦  PER  100«  1«611  ♦♦ 
00mmmmmmmmmm***m*mmmmm*mmmmmm4mn*m*m4*mmmmmm***m**$*^m$mmmmmmmmmmmmmmmmmmmmmm0mmmmmmm$$*0*4**t*^4m4m4**$T*im*mmmTmTmV¥4r*4TmTWmT¥mm¥ 


mmmmm  aluminum  dose  for  MISSION  DURATION  of:  1*00  YEAPISI  mmmmm 


SHIELD  THICKNESS  ELECTFCNSA  BREMSSTR-  PROTCKS  - TC7AL 

fALUMINUM)  ~ AI-LUNG  CCSE 


2 

(GM/CM«*2  > 

^ — 

T 

1 MILS) 

— INNER  ZM* 
IPACS-AU 

0UT6P 

(PACS- 

2N* 
AL  1 

T-G-T-AL 

<RACS-AL> 

TO  TAN 

(RADS-AL 1 

TRAPPED** 

(RADS-ALI 

COLAP* 

(RADS-ALI 

TOT  A 

(RACS- 

L 

AU 

ALL  SCUl 
(RAGS- 

BCES 

AL) 

~ — 0*01 

' 0*04 

X 

”04” 

1 •zzmc 

TJ3 

0*0 

1*1  CDC 

* • IS  1C 

03 

i • 3696 

“05 

0.  C2 

0*C7 

3 

4*2476  04 

3 *2386 

04 

7*4656 

04 

1*1936  00 

3 *969c 

C2 

3*8928 

02 

7*8618 

02 

7*5646 

04 

0^03 

2*  S t A P AA 

2*4 2SE 

04 

4*9416 

04 

lo037E  UO 

2* 1 92F 

92 

3*6928 

02 

6*8848 

02 

* A 0 1 CP 

04 

0*  04 

l*€tSE  04 

1 *9  456 

04 

3*5616 

04 

9.542E-01 

2*4466 

02 

3*5526 

02 

5*9968 

02 

376216 

04 

0*05 

Elm 

1*0906  04 

1*6  246 

04 

2.714E 

04 

3*411E  00 

1 *9686 

C2 

3*4328 

02 

S.42C8 

02 

2*7686 

04 

0«C7 

0*26 

5*4576  03 

£12166 

04 

£ *7626 

04 

2*8956  00 

i*534E 

C2 

3*2506 

02 

4*  7846 

02 

1*8106 

04 

0*08 

0*30 

■la 

3*9966  03 

1 «0  77E 

04 

t*477E 

04 

2.755G  00 

l*385c 

02 

3*1728 

02 

4*5586 

02 

1*5236 

04 

a«  0* 

U«3i 

T3 

^*6  5 16 

03 

«•  £C.3C 

-04 — 

0*10 

0*37 

1 S 

2*2616  03 

8.724E 

03 

1 *0996 

04 

2*5536  00 

1*1716 

€2 

3 *C438 

02 

4*2158 

02 

^nfTfTS 

0.  20 

0*74 

29 

'1.  90 AF  09 

4 *2536 

-03 

4*S73E 

03 

2.0S8E  00 

7,4176 

01 

2*5956 

02 

3*3376 

02 

0*30 

1*11 

44 

1*1096  02 

2*461E 

03 

2 *5716 

03 

1*6176  00 

5*8786 

Cl 

2*3008 

C2 

2*8688 

02 

Ml  III! 

03 

0«40 

1*48 

56 

5*5316  01 

1 *4806 

03 

1 *5356 

03 

1*6566  00 

5*03 8E 

Cl 

2 • C € 06 

02 

2*5846 

02 

1*7956 

03 

0*  60 

i«22 

87 

2*0146  Oi 

6«04SE 

C2 

6*2476 

02 

1*4516  00 

4*1526 

Cl 

1*7418 

C2 

2* 1566 

02 

8*4176 

02 

0«  80 

2«S6 

117 

8*231  6 00 

2*842E 

02 

2*9246 

02 

90 

3 *6946 

€1 

1*4658 

C2 

1.8S48 

02 

4.7916 

02 

“■  ~ 1 • 00 

”"■  T'4'6 

’02"“ 

la  rr  ■■ 11 

1*25 

4*63 

182 

7*5686-01 

e*6S5E 

01 

6*7616 

01 

1*1156  00 

3.117E 

01 

1*C698 

02 

1*4018 

02 

2*0886 

02 

1«  SO 

«*S6 

219 

1*  3936-01 

2 *8376 

-01 

2*6516 

JU 

1*0386  00 

2.935E 

C 1 

9 *3248 

Cl 

1.226E 

02 

1*5216 

02 

1.  7S 

6*46 

2SS 

2*1536-02 

1 *0906 

01 

1 *0926 

01 

9.7476-01 

^*8006 

Cl 

6*0828 

01 

t .ceee 

02 

Mil  1 II  1 

0& 

2*00 

7*41 

292 

3*  0746-C3 

3*7766 

00 

3*7816 

00 

9*2096-01 

2.694S 

Cl 

7.C718 

01 

9* 7658 

01 

1*024E 

02 

3*00 

ii*i  i 

437 

1*5766-06 

3*2816- 

02 

7*6196-01 

2*3056 

Cl 

4*4388 

01 

6*7436 

01 

6*8236 

6i 

3*50 

12*96 

SI  0 

4*3736-08 

03 

7*0266-01 

2*1376 

01 

3*6268 

01 

5*7628 

01 

5*8336 

01 

M 1 ■ 1 M ■ 

I "•  C 0 4 8 

8 • C C 1 8 

5*00 

1 e*«2 

729 

1*3886-12 

3*7046 

-06 

3*7046-06 

5.66  5E-01 

1.8C2E 

Ct 

2*1288 

01 

3*9306 

01 

3*9676 

01 

6*00 

22.22 

875 

3*6406-08 

4*9726-01 

1.631S 

Cl 

1*5568 

Cl 

3*1868 

01 

3*  2386 

01 

8«  00 

29«6  3 

1167 

7«  2896-22 

2*012E 

-12 

2*0126-12 

l ' l»J 

1 *3416 

01 

8*9268 

00 

2*2348 

01 

2*2736 

01 

10*00 

37*C4 

1458 

1 *7376-28 

6*2936-17 

6.2936-17 

3*0806-  01 

1 *1336 

Cl 

5*4458 

CO 

1*6786 

01 

1*7096 

01' 

A Pi  FfTarM  MrnFi  g; 

4-  .RniAR  PRnTDK  MDCFI  1 

AEe: 

INNER  ZCrC-SOLAR  MAX 

SOLPRC:  SCLAR  FLAPE  PR01CNS  AT  1 AU 

F(3R  CLIOFF  DIPOLE  SHELL  OF  5 E.R* 

AEX7: 

OUTER  ZCAE-INTERXM  MODEL  HtTHOUT  SOLAR  CYCLE  C6PENDENC6* 

FOR  FNERGIFS  AROVF  1*5  M6V*  THIS  WrOEL  CHKTAINS  UPPER  fc 

F-cF  1 AL=i^*  MU*  vusvux: — IT~CF  ~AU  evewTS»i 

7<*601  geomagnetic  ShlELCING  APPLIED 

lower  limit  VALUES  TO  ACCOUNT  FQR  OISCRFPAKCY  EETWEFN 
EXISTING  DATA  S61S*  THE  AEI7-HI  FAVORS  VAMPCLA'S  FIT 

NOTE:  0 DENOTES  THE  DEGREE  OF  CONFIDENCE  ONE  WISHES 
TO  ASSIGN  TO  RESULTS*  NAMELY  THAT  FOR  THE 

ALL  THE  DATA  SETS  PRESENTLY  AVAILABLE. TC  NSSCC* 

FLUENCES  ARE  THE  SMALLEST  VALUES  WHICH  WILL 
NOT  BE  E7CEEDE0  BT  ACTUALLY  ENCCUNTEREO 

KJ 

s 

>>  THE  AEI7-L0  VERSION  W<i5 ' USED  FOR  Tt-ESE  CALCULATIONS  « 

ITHENSl  T IbS* 

IT  15  NCI  AnwlAARLC  TO  0XTR  APfll.  ATP  THF  AOL  AR 

0 

z 

mm  PROTON  model: 

PRCTCN  SPECTRA  NEITHER  TOWAPDS  LOWEP  NOR 
TOWARDS  HIGHER  ENERGIES  BECAUSE  THE  CATA  SETS 

NO  LNC6RTAINTY  FACTOR  LAS  APPLIED  TO  THE  M0C6L  CATA* 

LITE  MEASLREMENTS  FACE  (XiRl  NG  THE  20TH  SOLAR 
CYCLE:  19C4-197S)  CO  NOT  CONTAIN  INFORMATION 

> 5 

FOR  E41C'"AND'B>2UC  MEV* 

Ig 

m 

T3fckie_Jl 


0a9ITAu  -LUX  STUDY  WITH  COMPOSITE  PARTICLE  ENVIRONMENTS:  VETTES  APS;  AE6«  AE17  FOR  SOLAR  MAXIMUM 


UNIFLUX  OF  197# 


♦ » UNCERTAINTY  FACTORS  IUF>  APPLIED  FOR  THIS  RUN  ARE:  FOR  PROTONS  CAPSI  - UF=  l.CS  FOR  INNER  ZONE  ELECTRONS  CAB6)  ~ UF»_1*Q_„^»» 

*♦  MA3NITIC  COORDINATES  B AND  L COmWtED  BY  INVARA  OF  1972  WITH  AcLMA(»t  M03EL  2^  BARRACLOUGH  ET,  AL.  168-TERM  1975  ‘ T IME^  IvSOTo 

- ■'  --  - ---  -‘OKM  B/L  ORBTT  TAPE:  T0537 


««  vehicle 


I RAS  90r  KM 


**  INCLINATIONS  990EG  **  PERIGEEs 


900KM  ««  APOGEES 


900KM 


P PP  PER  100* 


r;7i6  99 


»»»»»  aluminum  oose  for  mission  duration  of:  i»#o  vearisi  »»»»» 


SMietiO  TWICKNBSS  — CLCCTROMf  _ BOeMSSTaa ...,■  OROTONS  TOTAL  . . 

I ALUMINUM)  AHLUNG  OOSE 

Z T T INNER  ZN«  OUTER  ZN«  TOTAL  TOTAL  TRAPPED**  SOLAR*  TOTAL  ALL  SOURCES 

I3MrCM**g-)  <MM)  (MILS) tRAOS-AL') i RA03-AL  » i R AOS^AL  ) H»AO-S-AL»  IRADO  AL»  IRAOG  Air) <«AOO"AL» <RAOQ-ALl 


0.01 

0.04 

1 

3^402E- OS 

7^021E 

04 

4.104E 

OS 

0*0 

5«a76E 

03 

4.400E 

02 

6.316E 

03 

4.167B 

05 

0.C2 

0,CT 

3 

1 .>97i  ?S 

4.537E 

Ai 

2.2S0E 

05 

S.aCIE 

Tre — 

2»  1 B9E 

03 

2*276E 

#B 

3 

• 11 

4 

1 •104E  OS 

3^401E 

04 

1.444E 

05 

4*S86£ 

00 

I*759E 

03 

Elfl 

1 *465E 

05 

rTV 

AK 

^.05 

''•19 

7 

4.984E  04 

2^277E 

04 

7«261£ 

04 

7.470E 

oo 

1*1 17E 

03 

3.604E 

02 

1*478E 

03 

7.409E 

04 

'‘.^6 

^.22 

9 

3.519E  04 

1 .951E 

04 

S^471E 

04 

6.679E 

00 

9.707E 

02 

3*4996 

02 

1.321E 

03 

5.603E 

04 



0*20 

” "'2  • 54 1 C C4 

04 

4 dSOOC 

,o*»  e 

^ •a" 

12 

I .870e  •'4 

1 •5076 

04 

3.377E 

CA 

6«21  SE 

O'? 

7*884£ 

02 

3.331E 

02 

1.122E 

03 

3d480B 

04 

0*  09 

0.33 

13 

1 •400E  04 

1 «349E 

04 

2«749£ 

04 

S*986£ 

00 

7*247E 

02 

3.263E 

02 

1*091£ 

03 

2*8S5E 

04 

rt.  1 f> 

1 

1 AKF  *.A 

1 «P14P 

f*  A 

P.9AAP 

A 

A.TOdP 

04 

A. KOOS 

Qg 

3^1 96P 

^ 9 

0*BA6F 

02 

9.3RAP 

04 

0^74 

29 

1 .577E  03 

S.913E 

03 

7«469£ 

03 

4*711E 

00 

4«172E 

02 

2.725E 

02 

6*897E 

02 

8.184E 

03 

'>•30 

1 •!! 

44 

S^6<>1E  02 

3^4 186 

03 

3^978£ 

03 

4«167E 

00 

3*234£ 

02 

2»415E 

02 

5*649E 

02 

4*547E 

03 

0«  50 

1 •B5 

73 

1 •623E  02 

1 .291E 

ra 

EH 

VM 

KM 

ISSQ 

EH! 

' • 60 

2^22 

87 

1 .006E  02 

8^420E 

02 

EEl 

va 

■tfHli 

ta 

la 

• u 

2”»'96“’ 

11/ 

J •969b 

02 

T7Z 

■ ni  1 

mn^ 

-JTZ 

! • 00 

3^70 

146 

1 .saaE  0 1 

2^C68E 

02 

2.227E 

02 

00 

|•673£ 

02 

1 •351E 

02 

02 

1 . pe 

d . 

Iflg 

- B70  P ^ 

9 .382E 

Cl 

oo 

I.SIBF 

-02 

1*1»3E 

02_ 

nfTn? 

EtS 

■FrmT^ 

02 

1 • 50 

S^S6 

219 

7*!86E-0l 

3«983E 

ill 

on 

ia 

PI 

Ea 

tm  fi  i ij.i 

1.75 

6.48 

255 

1 •lllE-''! 

1 *5296 

bI 

Ell 

SlfHM 

Us 

2.50 

9^26 

365 

4«44SE>04 

4«966i 

-01 

4*970e-OI 

ri9i6i 

00 

1«184E 

02 

5»609E 

01 

1*765E 

52 

1*^9E 

02 

3.'.)0 

11.11 

437 

1 •489E-0S 

4 •269E 

-02 

4^29tE- 

02 

i*7sie 

00 

1*085£ 

02 

4*660E 

01 

1*5S1E 

02 

1.S69E 

02 

~vai W6 

5u; 

5*5 /6E-C  / 

-U3  ' 

l"*6i3E 

uu 

1 • 0D3E 

02 

3 • 6«)  / E 

01 

■■MrLXXid 

4.00 

i4«et 

583 

2^256E-08 

-04 

3^9l0E-04 

1.494E 

00 

9.391E 

01 

3* I54E 

01 

mWTiT^ 

SlmJITi 

IB.S? 

7?9 

♦ •120E-1  1 

-06  _ 

3>873g^06 

1.295F 

00 

e«435E 

01 

2*23SE 

PI 

iTS 

■VffTiTl 

22«22 

875 

7«220E-14 

3«426E-0a 

3«426£- 

06 

1*132E 

00 

7»629E 

m 

■irmfsi 

PS 

■urni 

PB 

9*378E 

01 

d«or 

29^63 

1167 

1 •C76E-1  9 

1 •SISE 

-12 

1«S1SE- 

12 

8*767E-01 

6*260£ 

U1 

KW1-4J 

E9 

Pfl 

7*30 se 

01 

— — — 

— 8 > . * 

1*68 — 

— ■ 

■ ■■a,7896. 

■8»7S96- 

6*3166 

•iW 

S.9#4a 

OA. 

« elsctron  models: 

* SOLAR 

PROTON  model: 

NO  UNCiPTAlNTY  FACTOR  WAS  APPLIED  TO  THE  MODEL  DATA. 

1 UNATTENUATED*  INTERPLANETARY  ) 

FOR  CUTOFF  DIPOLE  SHELL  OF  5 E*R* 

4 = 1 7: 

FOR  TAUst2*MO**O390S:  # OF  AL  EVENTS«1 
71.23X  GEOMAGNETIC  SHIELDING  APPLIED 

FOP  ENERGIES  ABOVE  1*5  MEV«  THIS  MODEL  CONTAINS  UPPER  C 
LOWER  LIMIT  VALUES  TO  ACCOUNT  FOR  DISCREPANCY  BETWEEN 

NOTE 

: 0 DENOTES  THE  DEGREE  OF  CONFIDENCE  ONE  WISHES 

TC’6vi-i9  bATA’wHILE  AEI7-LO  ISMORE  REPRESENTATX VE  OF 
ALL  THE  DATA  SETS  PRESENTLY  AVAILABLE  TO  NSSOC. 

SPECIFIC  MISSION  OURATIUN  THE  CALCULATED 
FLUENCES  ARE  THE  SMALLEST  VALUES  WHICH  WILL 

>>  THE  AEI7-LO  VERSION  WAS  USED  FOR  THESE  CALCULATIONS  « 

NOT  BE  EXCEEDED  BY  ACTUALLY  CNCOUMTeReO 

INTENSITIES* 

*Y  PROTON 

model: 

rr  IS  NOT  ADVISABLE  TO  EXTRAPOLATE  THE  SOLAR 
PROTON  SPECTRA  NEITHER  lOWAROS  LOWER  NOR  . 

4P8-MAC:  TRAPPED  PPOTONS-SOLAR  MAX 

NO  UNCERTAINTY  FACTOR  WAS  APPLIED  TO  THE  MODEL  DATA* 

USED  IN  THE  CONSTRUCTION  OF  THE,  MODEL  (SATEL- 
LITE MEASUREMENTS  MADE  DURING  THE  20TH  SOLAR 

LTLLC  : — IVO»"IVI3» — UU  NUI — LUNIHIM  lIVaMMIIUM 

F0RE<10  AND  E>200  MEV* 


< 


TlLIc.  aa. 


-JL*-flRBITAL-fl-UX_STLDY-_ll-LIll_m»PCSlTE  PARTICLE  E^V1^;C^MENT«:  tfCTTeS  APfl:  AE6.  AEl  7 FOR  aLAB  MAXIMUM  «««  UNIFLUX  OF  I»7f  •> 

**  UNCERTAINTY  FACTORS  tUF»  APPLIED  FCR  THIS  PUN  ARE:  FCR  PROTONS  <AP8)  - UF=  l.OI  FOR  INNER  ZONE  ELECTRONS  IAE6I  - OF»  1.0  *• 

♦ • MAGNETIC  COORDINATES  8 AND  L COMPUTEC  BY  INVARA  OF  IS72  WITH  ALLMAG.  MODEL  SI  BARRACLODCH  ET.  AL.  16a=TjERM  1975  • TIME”  19S0.0  •• 

»*-M:MICLE  I IRAS  - laoo  km--** — INCLIAATICN”  aoPEC  *»  PERICEE”  IBOOMM  »*  AP0066» laCBAM  «*  S^L  CaaiT  TAPgr^TIIBABa  «»  PIHIOBt:  l.aa*  >• 


ALUMINUM  OOSE  FOR  MISSION  DURATION  OF:  1.00  YEARISI  ••••• 


2.374E  as  3.669E  04 
l.fi45E  OS  3.0  76E  04 

I.  1 69E-  -05 23TB- 

S.470E  04  2.300E  04  I.077E  OS 


4.682E  04  1«623E  04  6«S0SE  04 
3«566E  04  1.647E  04  S«213E  04 


1*363E 

01 

4*409E 

C3 

2*7e6E  02 

4.7C7E 

03 

2*79 IE 

05 

1.751E 

01 

3*664E 

03 

3*6S9E  02 

4*030E 

03 

1.993E 

05 

AE17:  OtTER  ZCfC-INTEPIH  MODEL  KITHQUT  SCLAR  CYCLE  DEPENDENCE* 
FOR  ENERGIES  ABOVE  1*5  MEVt  THIS  MODEL  CONTAINS  UPPER  & 
LOlr^ER  LIMIT  VALUES  TO  ACCOUNT  FCR  DISCREPANCY  BETWEEN 
^Xl STING  DATA  SETS*  THE  AEI7-H1  FAVORS  VAAFCLA'S  FIT 


ALL  THE  DATA  SETS  PRESENTLY  AVAILABLE  TC  NSSCCo 


>>  THE  AE17-L0  VERSION  WAS  USED  FCR  THESE  CALCULATIONS  « 


44  PROTON  model: 


NO  UNCERTAINTY  FACTOR  4AS  AFRLtCD  TC  THE  MOCEL  CATA« 


iBK/AiEjf  AinRr'TXT  4 m>i  -ci  aj 


70*7^S  GEOMAGNETIC  SHIELCING  APPLIUL 


note:  0 DENOTES  THE  DEGREE  OF  CONPlDENCe  ONE  WISHES 
TO  ASSIGN  TO  RESULTS*  NAMELY  THAT  FOR  THE 


FLUENCES  ARE  THE  S4ALLEST  VALUES  WHICH  WILL 
unr  BP  •:  krppnpn  R%  ArTiiAi  i v Pii^rnMTPOPO 


INTENSITIES* 


PROTON  SPECTRA  NEITHER  TOWARDS  LOWER  NOR 
TOWARDS  HIGHER  ENERGIES  BECAUSE  THE  DATA  SETS 


w scv  a PM  t rib  V.  i rM  i t wn  wr  i rib  • b b 

LITE  MEASUREMENTS  FADE  CURING  THE  20TH  SOLAR 
rvriP*  rr  unt  rriiTAt^  tMPnDMATtnM 


FOR  E<10  AND  E>200  MEV« 


Table  3' 


•»•«•**•**••••*•**«• 

*•  OnSlTM.  n.UX  study  HITH  composite  particle  ENYIRONMENTSI  VETTES  APB(  AE6>  AEI7  FOR  SOLAR  MAXIMUM  •••  ( 


•*  MAONETIC  COORDINATES  B AND  L COMPUTED  BY  IXVArA  OF  1972  MlTH  ALLMAfi>  MODEL  S:  BARRACLOUCH  ET.  AL.  168-TERM  1975 
••  VEHICLE  : IRAS  600  KM  *•  INCLINATION^  SODEG  ••  PER1«EE>  600KM  >«  APOGEEa-  600KM  ••  B/L  ORBIT  TAPE:  TOB362 


UNIFLUX  OF  197E  *• 


« TIMSa  isaOAO:** 
2 ••  PERIOD*  1.611  •« 


(ALUMINUM  t 

y T T 


IGN/CM**2)  (MM)  (MILS) 


oose 

I 


RADS^AL 


J7«04  14Sa 


d«eS2£-2a  2«140E-16  2«140£*16  6«66%-Dl 


2*2676  01  8*44Se  00  2*0116  01 


0 ELECTAON  MODELS:  4 SOLAR  PROTON  MODEL: 


Ace: 

INNER  ZONE-SOlAR  MA~X 

TO  PROVlOE  irfORST  CASE  ESTlHAIES# 

UNCERTAINTY  FACTOR 
kAQ  APPitPn  rn  thP 

SOCPWOr  SOLAR  flare  PHOTONS'  AT  1 AO 

(UNATTENUATED  • INTERPLANETARY! 

FOR  CUTOFF  RlPni  P RMFLL  O*  M F.R.. 

MODEL  DATA. 

FOR  xrTLIBO* 

AE  X 7 • 

FOR  ENERGIES  ABOVE  1«S  V • THIS  MCOEL  CONTAINS  UPPER  0 

LOWER  LIMIT  VALUES  TO  ACCOLNT  FOR  DISCREPANCY  BETWEEN 

NOTE:  0 DENOTES  THE  DEGREE  OF  COIfIDENCE  ONE  MISHES 

existing  data  sets*  THE  AEI7-HX 
TO  OVl-19  DATA  WHILE  AE17«>LC  IS 
ALL  THE  .DATA  SETS  PBFVWTi.Y  AVAI 

FAVORS  VAMPOLA'S  FIT 

PORE  REPRESENTATIVE  OF 
4 ABIE  TtlJASnC*  . 

SPECIFIC  MISSION  DURATION  THE  CALCULATED 
FLllEMCES  ARE  MAI  1 B XT  VAllC  A MICH  Hlt  L 

NOT  BE  EXCEEDED  BY  ACTUUJ.V  ENCOUNTERED 

» THE  AEI7-H1  VERSION  MS.LSEO  FOR  THESE  CALCULATICnS  « INTENSITIES* 


rn-Si- 


** 

UNb  i < Ac  t-LUA  b *UUV — »- 
UNCERTAINTY  FACTORS 
MAGNETIC  GOURD  I NATES 

f tH  GfciMUUiB-l-l  te  HAkU  LL  a-LMMl  <4  JN 
lUF)  APPLIED  FUR  THIS  =iUN  A :( = : 
3 AND  L COMPUTED  UY  JNVARA  Dr 

lit:  1 IP  j.  APA  ; ai-/y.  a>- i / a,,uap  ma>l1mhm ULl UNiKMlA  UF — LSLZ4 **  — 

= 0^  PROTONS  <AP8»  - V)F=  2.0;  FOR  INNER  TONE  ELECTRONS  IAE6)  - UF=  5.0  ** 

1972  WITH  ALLMAG.  MODEL  2:  BARRACLOUCH  £T.  .At.  168-TERM  1975  • T1WE=  1980.0  ** 

«««**  *#«««**«*«**«  **«««♦«*♦«  «**««««  ««««♦**  **#♦  *|i  ♦*♦#♦♦♦*  ♦♦*♦♦**♦*♦*♦**♦**♦♦*****♦♦**  ♦**♦*♦♦*♦**♦•******♦♦♦♦♦♦**♦♦*  **«*^*«««* 

*♦♦♦*  ALJ'<ll^^aM  DOSE  FOW  MISSION  DURATION  DF:  1*00  YEAR<S)  ***** 

SHI  ELD 

THICKNESS 

ELECTRONS* 

8REMSSTR- 

PROTONS 

TOTAL  

< ALUMINUM j 

AHLUNG 

DOSE 

Z T 

(GH/CM>««2)  (MM) 

T 

( MILS  ) 

INNER  ZN* 
(R ADS- AL) 

OUTER  ZN. 
(RaDS-A..) 

TTHfL 
< RADS-AL) 

TOTAL 

(RADS-AL) 

Trapped^ 

(KAOS-AL) 

6UL  AH  ^ 

(RADS-AL) 

TOTAL 
( RAOS-AL ) 

Ai_L  SOURCES 
( RADS-AL) 

0 *01 
0 *02 

0.04 

0*07 

1 

3 

L • 7U1E  06 
6.9  63E  05 

7.019E  34 
4.53SE  34 

1.771E  06 
9.437E  OS 

0*0 

2.701E  01 

1 * 1 76F. 
4*3776 

04 

03 

4.400E  02 
4 *08  76  02 

I.220E  04 
4*7866  03 

1*7836  06 
9*4856  OS 

U *04 
0 ..O*^ 

0.  1 5 
0.  IV 

6 

7 

3* 63  IE  05 

2.726E  34 
2.277E  04 

3.904E  OS 
2.720E  05 

2.097E  01 
2.382E  01 

2*7286 

2.235E 

03 

03 

3*7306  02 
3*6046  02 

iltoiE  oi 

2*5956  03 

3*9356  05 
2*7466  05 

0 *06 
0 *0  / 

0*22 

0*20 

9 

10 

1.760E  05 
1.271E  05 

1 *952E  04 
1.704E  34 

1 .955^  oS 
I .44 Ic  OS 

2.123E  01 

1 *94  1 6 

1 • 7<»06 

"03“ 

03 

3I413E  02 

2.082E  03 

1 . o 1 riF-  n t 

l.97Ub  Ob 

1*4626  OS 
1 . 1 nSF  ns 

0*09 

0*10 

0*33 

0*37 

13 

15 

7.000L  04 

S*32dE  04 

II3S2E  04 
1 *222E  04 

6.352E  04 
b.bSOE  04 

1.972E  01 
1.913E  01 

1 .4496 
1 *338E 

03 

03 

3*2636  02 
3*1966  02 

1 .776E  03 
1 *658E  03 

8*5316  04 
6*7176  04 

0 *^u  ^ 

0 *su 

0 *40 

1*  ( I 
1 *48 

mm 

/ • 6 6 3i_  u3 
2.600E  03 
1.397E  03 

3.651E  U3 
2.363E  33 

6*451E  03 
3*7bOE  03 

1.392E  01 
1.274E  01 

6*4686 

5.4276 

02 

02 

SIaTsE  02 

2*1846  02 

eledSE  02 
7*61  IE  02 

7*3536  03 
4*5546  03 

0 *S0 
0 *00 

1«b5 

2*22 

73 

67 

e • 1 1 7E  02 
5.036E  02 

1.044E  33 
1.  174E  03 

2.455E  03 
1.677C  03 

1.186c  0l 
t *1  1 7E  01 

1 .A  1 >P  A 1 

4T7556 
4*3) 36 

TTZ“ 

02 

n> 

U82  8E  02 
1.SS6P  n;> 

6*7ABb  02 
6* 1416  02 
4*i*9?F  n? 

i* l42b”U3 
2*3036  03 
1 * IMbF  n.3 

1 *56 

1 *25 

3.70 

4*03 

i46 

162 

7.942E  01 
l«935E  01 

3.736E  32 
2*0136  02 

4.532E  02 
2.207c  02 

9*3476  00 
8*5996  00 

3*3466 

3.0376 

02 

02 

1*3516  02 
J[^*I436  02 

4*697E  02 
4.180E  02 

9*3236  02 
6*4736  02 

1 .rs 
2*00 

^ m 

G«4U 
7.4  1 

255 

2V2 

5.556E-01 
8.2  10E-02 

5.653E  01 
2.920E  31 

5*9096  01 
2*92oE  01 

7*5156  00 
7.0976  00 

2.6846 

2*5716 

02 

02 

8*4876  01 
7*4256  01 

3*5336  02 
3*3136  02 

4*1996  02 
3*6776  02 

2 *S0 

3 .00 

V«20 

ll.lt 

Jo5 

43  7 

2*222b-03 
7.  445E-C5 

b*/60L  JU 
6*092E-01 

A . A AOF-'t 

b*  ro.ie~  00 

b*093E*01 

6*4066  UO 
5*6516  00 
5.T82F  no 

2 * 3666 
2*1716 
2.006E 

02 

02 

02 

5 * oO  96  U 1 
4*6606  01 
3.807E  01 

2.637E  02 
2. .3876  02 

2*7036  02 
2.4426  02 

4*00 

5*00 

14*61 

18*52 

563 

Z29 

1.  1 28E-C7 
2*  060E-  10 

0.0 14L-33 
6*765b-35 

o. 0146-03 
6*76 6E “05 

4*9756  00 
4*2946  00 

1*8786 
1 »687E 

02 

02 

3*1546  01 
2*2356  01 

2*1946  02 
1 *9106  02 

2*2436  02 
1*9536  02 

u • vw 

a *00 

I 0 *00 

2V«o3 

3Z.04 

1 lb7 
1456 

3 • u 1 UE  **13 
5. 379E-  19 
4. 021L-25 

1.621E-11 

2«696E-16 

V^lzxe-ii 

2 *6966“  16 

2*8676  00 
2*2206  00 

1*2566 

1.06JE 

02 

02 

l"4  6 3 DC  0 1 
9.372E  00 
5*71  76  00 

1*3506  02 
1*1206  02 

1*3766  02 
1*1426  02 

♦ ELECTRON  models:. 

*■  SOLAR 

PROTON  model: 

AE<»:  INNER  ZONE 

-SOLAR  MAX 

WQHST  CASE  ESTIMATES.  UNLEHTAINTY  FACTCR 

SOL  pro; 

SOLAR  FLARE  PROTONS  AT  1 AU 
(UNATTENUATEO*  INTERPLANETARY) 

OF  X S.O  (AVERAGE 
MODEL  DATA. 

FOT  AEfa  MODEL)  WAS  APPLIED  TO  THE 

DIPOLE  SHcLL 

OF  5 b*R* 

_nF  A1  F WFMTSasI 

AEI  7 : OUTER  ZUriE 
FOR  ENERGI 

- INTERIM 
£S  ABOVE 

MJOEL  WITHOUT  S0LA5  C 
1.5  MCV.  THIS  MODE-  C 

YCLE  D6PENOENCE* 
□.NTAINS  UPPER  t 

71.23X  GEOMAGNETIC  SHIELDING  APPLIED 

LOWER  LIMIT  VALUES 
EXISTING  DATA  SETS 

TD  ACCUU^I  Uib^R; 

• THE  AEI7-HI  FAVORS 
1_E  AE17-UJ  IS  MORE  ^=3 

JANLV  BtlWttN 
VAMPJLA • S FI T 

NUT  t: 

TO  ASSIGN  TO  RESULTS*  NAMELY  THAT  FOR  THE 
SPECIFIC  MISSION  DURATION  THE  CALCULATED 

S_ 

ALL 

THE  DATA  SETS 

PRESENTLY 

AVAILABLE  TO 

NSSDC* 

FLUENCES  ARE  THE  SMALLEST  VALUES  WHICH  WILL 
NOT  BE  EXCEEDED  BY  ACTUALLY  ENCOUNTERED 

1 e 

IT 

IS  NOT  ADVISABLE  TO  EXTRAPOLATE  THE  SOLAR 

>"2“ 
> B 

panTHNS 

^SQLAP  MAX 

TOWARDS  HIGHER  ENERGIES  BECAUSE  THE  DATA  SETS 
USED  IN  THE  CONSTRUCTION  OF  THE  MODEL  < SATEL- 

;3a 

0 2- 


TO  PRUVI3E  WORST  CASE  ESTIWATES.  USCETTAINTT  FACTOR 
OF  X 2.0  WAS  APPLIED  TO  THE  WUDEL  DATA. 


cycle:  196A-197S)  DO  SOT  CONTAIN  INFORMATION 

FOa-.6.<;iO  ANP  0300  MCM.  


5 1 

< W> 


Table.  3$. 


VCTTES  AP6t  AE6*  AB17  FOR  SOLAR  RAXlMlAI  ««•  mUFCUX  OF'lSTf  9m 

... — — 


*•  ORBITAL  ^I^UX^STWY  AlTH^COMPOS^TE^PARTIC^^eNVl  ^NMENTS^  mOTOrC  CAPO) 


’UF«  a»Sl FDR  IMMBR  BOMB  eLiCTROMS  tABSI 


FF  MAGNETIC  COORDINATES  B AND  L COHPLTED  BY  I K VARA  OF  1972  WITH  ALLMAGt  MODEL  51  BARRACLOUGH  ET,  AL.  168«*TERM  * TI 't 960W0  «« 

*«  VEHlCLc  : IRAS  1200  KM  1NCL1NAT10N«  60DBG  •«  PERl  C£E«  1200KM  **  APOGEES  1200KN  FA  B/L  ORBIT  WES  TO64o:»  PeillBDa  1*S85  99 

n»VFV*V<iTOrTOryFV»y»F**WW»»0'yirT»»fWW<iWf  EilVf  EifffFAAA*A*****«*AI»4IIF»»**W»FSSWFPWi>WWWWW>WWWWWWWWWWWWW»WWW»WW>WWWWSWMWWWWWWWBSWWMMWI>W' 


AAAiAAAAWAWWAAFWWWWFFFFFFFFFFFF>F»»»>R*WFl»F< 


•99999 


4AFAF  ALUMINUM  OOSE  FOR  MISSION  DURATION  OF;  1.00  YEAR!  SI  9999m 

•9999999999999999999999999994 


I'l  SHIELD  Tl^nXNESS 

(ALUMINUM  ) 


ELLCTKUNSM 

INNFR  CUTgfl  ZhU 


BREHSSTR^ 
AHLUNG 
total 


, _ , PRO JON  S 

TRAPPEDFr  SOLAR  ♦ 


^01AC~ 

OOSB 


total 


TOTAL  ALL  MOUIMi 

ADS^ALI  f RAD^AU 


(GM/CMFF2I  (MM)  (MILS) 
O-itM- 


0-y<4- 
0*07 
0«  11 

”0515“ 

0«19 


(RADIAL)  (RADS-AL)  (RAOS-ALI  (RAOS-ALI 

-5»-i-7’7e-06 9»64AE-04 5^2726- 05 0^0- 


(RAOS-ALI  (RAD8*AL)  (RAD^ALI 
3»673B  04 4»467B-02 — 3»4I7E- 


-9^99m-99-’ 


0*02 

d«05 

"OTO'A* 

o«os 

0*00 


2*a3SE  00 
!•  7?a£  CO 
TTI^TE'OO” 
6«227E  OS 
S^AA4>^  flS 


O.IABE  04 
4«001E  04 
Ou  /E ' 

3«  C7SE 


”04“ 

04 


2*gJSE  04 


3*37 

0*26 

10 

4.23SE 

CS 

2«301E 

04 

0*06 

0*30 

12 

3*  12.£ 

OS 

2*038E 

04 

0*10 

0*37 

IS 

r*7a£ 

05 

l*6S0e 

04 

0*20 

0*74 

29 

2*6S2E 

04 

8«147E 

03 

2«694E  06 
1«024E  06 

r*224B  06'~ 

6*S34E  05 
6*ioae  OS 


0.40 


0*60 

0*60 

-t-«66- 


X.TI 

44 

9*  437C~ 

-03” 

4*9228 

1*48 

58 

4«669E 

03 

3.202E 

03 

l*fS 

_23_ 

g^7i  le 

03 

2>2Qi£ 

-03. 

2«22 
2*96 
"3  .TO- 
4.C3 
S.S6 
6.4B” 
7,41 


87 
1 17 
■146 
182 
21  9 
”255" 
292 
-365- 


1.678E  03 
6«£4  7E  02 

6«S70£  fli 
1«237E  01 
1 • iia4E  00 
2«47^"01 


1«S66E  03 

e*31Sg  02 


4«46SE  05 
3«327E  03 
2*623B  OS- 
l«94aE  OS 
3*467£  04 
-TV436B  04 
7*6902  03 
4^9t2g  03 


9«033£  01 
7*490e  01 

olosie  01 

0«537.E.O,1. 


6«247E  01 
6*013£  01 

S*648E  01 
4*^  SB  01 

3I772E  01 


3«244E  03 
1 *536E  03 
■7#616B  Oa 


i:Un  8} 

3*00  IE  01 
a*77lK  01 


1*353E  04 
1*118E  04 

7l32BE  03 
6>44AE  Oa 
S.B17E  63 
5*298E  03 
*889B-03- 
4*S27E  03 
2*S0SE  03 

ilrooe  03 

1*516E  03 


4.149E  02 
3.936B  02 
-3*yaoE  ~02- 

3.6S9E  02 

3«8Sa  Q2 


1*3S4E  03 
1*143E  03 
-1*»07B-03- 


3*464E  02 
3*382E  02 
-3*3122- Oa- 
3.244E  02 
2*766£  02 
2*4522-02- 
2.217E  02 


•39SE  04 
»l5«e  04 
9*IW  03 
7.694E  03 
6«79tf  ■ 03 


2.900E  05 
I*035l'05 
I*233E 


S*6I2e  0! 


ilesS  02 

l*6a2E  02 
-A.*372m-52- 


6*163E  03 
0*6368  03 
.2202-03- 
4*651B  03 
3*08S  03 
2*3828  03 
1 

X 


962B  03 

llg-4L 


l*840e  03 

-ilflll-Ii- 


6.1 T6«  aa 
«.azw  »9 
3.384E  OS 
a.  STM - OS 
1*09T!  OS 
3.7T0C  0« 

-r.sToe-or- 

9.01  OC  03 

2*806 
I ■ ^ J ^ 


*03 

^03- 


1.2S 
1 *50 
"fTTr 
2*00 
? *rifl 


2«663E  02 
1*4S2E  02 
7*eaaE  oi 
3*6286  01 
7,S49E  00 


3«320E  02 
1*876E  02 
7*a78B  01 
3*8S3£  01 
7*SS3E  00 
1«068E  00 
1*U42E^01 

i*oeoB«oa 

9*3466-05 
7*2386-07 
’2l412e*l 1 


2*S50E  01 
2.37SE  01 
2*230E  01 
2*107E  01 
1*983£  01 


9*012E  02 
a*335E  02 

T*aoae  02 
7*5loe  02 
Oadftlg-RX 
6*285E  02 
5*794B  02 
-5^446§  02 
4*65^  02 
4*365E  02 
3*80ge  -g2- 


I*161E  02 
9*940e  Ot 
-a*516E’01  • 
7*5308  01 

8:?SIS  » 

3*8658  01 
3*2028  04 


1*0178  03 
9*32«  02 

oliaie  02 

H 7248  83 

sloaSoa 

4*B5tE  02 
3*5958  02 


t*375B  03 
4*4158  03 
9*7408  82 ‘ 
0*a89E  02 

l:mi¥ 

5*34M  02 


3*00 
3*50 
— 4-^0- 
S«00 
6*00 
“BVOO“ 
10*00 


11*11 

14*96 

ia«s2 

24*42 

■7«TE3‘ 


437 
SlO 
-565- 
729 
87S 
1167  " 


37*04  1458 


6*  74  98- OS 
2*3698-06 
* **  ^ 
VC 

7*0268-11 
6*9618-14 
-~3T24  7L:-aq 


1*068E  00 
1*  142E-01 

t * a/\g  — 

9.34aE-0S 

T.23ae-07 


1.73BC  01 
I.599E  01 
-*.4796  01- 
1.277E  01 
I.II2E  01 
S.S3TE  00 ' 


7.06ae-27  4.S39E-I6  4.5396-16  6.610E  00 


3.040E 


2.269E  01 
l.OOOe  01 
9.si<e  00 
s.ao4e  00  o.ooae  oa 


S.210E  02 
4.S*2S  02 
3.TSo8  92 
3.1041  02 


* electron  models; ♦ solar  proton  model » 


A£6: 

INNER  20NE-S0LAR  MAX 

Tn  panvinF  wnn<;T  ca^  f <4TiMATki  UNCERTAINTY  FACTOR 

SOLPRO:  SOLAR  FLARE  PROTONS  AT  1 AU 

(UNATTENUAT8D*  lNT8Rn-AlCTARVl 

OF  X S.O  (AVERAGE  FOR  A86  MCOELJ  %AS  APPlI  8D  TO  TH8 

model  data* 

TOR  CUTD^  dipole  *« 

AE17; 

70.792  MOHAWITie  MIBLOIliB  APPCti|>~ 

NOTE:  0 DENOTES  THE  OE«REB  OP  C0I*10E1CE  ONE : nMES 

EXISTING  DATA  SAT9*  THE  ALIT-m  hAVOHS  VAMFOLA«S  PIT 

TO  OV  I- 19  DATA  while  AEIT-LC  IS  FORE  REPRESENTATIVE  OF 
All  TMF  r»ATA  prf<s-'mtiv  AwAliARftF  TP  wssnr. 

» THE  AEI7-HI  VERSION  kA  S LSED  FOR  THESE  CALCULATIONS  « 

NOT  BE  exCEEDBD  BY  ACTUALLY  BNCUUNTtABa 
INTENSITIES* 

model: 

IT  IS  NOT  ADVISABLE  TO  EXTRAPOLATS  7HR  MlJlH 
PROTON  SPECTRA  NEIIICR  TOWROS  LD«E  R IVir 

AP8-MAC:  TRAPPED  PROTON  &>SOLAR  MAI 

TO  OQflUint.- lf\OCT  rA<*.-  g g1lMATIg<-  Ili.r-FOTAl  MTV  P ACT nO 

TuwAkDS'' HIGHER  BNEHG1B8  BECAUSE” THE  OAtA  H(8““ 
USED  IN  THE  CONSTRUCTION  OF  TN8  MOOBL  ISATEi:* 

L TTF  MPACIlOFIIfiMTA  MAnW  NltttMC  TMW  9ATM  CWAV  ■ 

OP  X 2*0  WAS  APPLIED  TO  TH2  MCDEL  DATA* 

cycle:  196^19751  DO  NOT  CONTAIN  I WORNATrOM 

FOR  EClO.ANO  E>800'MEV* 

< 


'TkhU  3U 


AMBIENT  TRAJECTORY  ENVIRONMENT 


RADII) 


S.0 


e.o 


7.0 


J (E>.500MEV)  tELECTRONS/SQCM/SEC)  MflRKEO  GRfiPH  IS  PERCENT  TIME-RRNGE  1E-3T01E2 

J.O  2.0  3.0  0.0  ^S.o  8.0 


1E>5.00MEV)  IPROTONS/SOCM/SECl  MARKED  GRAPH  JS  PERCENT  TJME-RANGE  1E-3T01E2 


AMBIENT  TRAJECTORY  ENVIRONMENT  IRAS  900  KM  990EGR 


900KH  CIRCULAR 


RfuAe  3 


CE>5.00MEV)  (PROTONS/SQCK/SECl  MRRKEO  GRflPH  IS  PERCENT  TIME-RRNGE  IE-3TGIE2 

0.0  L.O  2.0  S.O  11.0 


J (E>.500MEV)  CaECTRONS/SQCM/SEO  MflRKED  GRflPH  IS  PERCENT  TIME-RflNGE  1E-3T81E2 

J_.0  2.0  3.0  «.0  S.O  6.0 


RMaiENI  IRAJECTWY  ENVIROSHENT  IRflS  1200  KH  800EGR  1200KH  CIRCULAR  SOLMRX  f7ifciM6 


J (E>5.00MEV)  (PROTONS/SQCH/SEC)  MfiRKEO  GRAPH  IS  PERCENT  TIME-RANGE  1E-3T01E2 
.-2.0  -1.0  0.0  1.0  2.0 


(E>.500MEV)  (ELECTRONS/SQCM/SED  HflfiKEO  IS  PERCENT  TIME-RfWGE  1E-3T01E2 

2.0  a.O  «.0  ^S.o  8.0 


IE>5.00MEV1  IPflOTONS/SOCM/SECl  MARKED  GRAPH  JS  PERCENT  TJME-RANCE  1E-3T01E2 


IE>.500MEV1  IELEC7R0NS/SQCM/SEC1  MflRKEO  CFWPH  JS  PERCENT  7JME-RRNCE  1E-3T01E2 


flHBIENT  TR9JECT0RT  ENVIBQNHENT  IR9S  900  KH  93DEGR  900KM  ClflCULfiR  SOLMBX  Et^UAAiO 


(E>5.00HEV)  (PflOTONS/SQCM/SEC)  HflRKEO  GRAPH  IS  PERCENT  TIME-RANGE  1E-3T01E2 


(E>.500MEV)  (ELECTRONS/SQCM/SEC)  HflRKED  GRflPH  IS  PERCENT  TIME-RRNGE  1E-3T01E2 

3.0  «.0  5.0  8.0 


(E>EO  MEV)  (PROTONS/SQCM/DflY) 
6.0  7.0 


(E>EO  MEV)  (ELECTRONS/SOCM/OflY) 

U.O  S.O  6.0  7.0  8.0  6.0  10.0  11.0 


IE>EO  MEV)  IPR070NS/S0CM/DflY) 


SPECTRflL  PROFILE  IRflS  900  KM  990EGR 


900KM  CIRCULRR 


“%.o  S0.0  ira.o  150.0  as).o  zso.o  900.0  950.0  voo.0  uso.o  500.0 

EO  (MEV) 


1E>E0  MEVl  lELECTflONS/SOCM/OflYl 


J (E>EO  MEV)  (PROTONS/SQCM/DflY) 

8.0  7.0  8.0  9.0  10.0 


[£>E0  MEV)  CELECTRONS/SQCM/DfiY) 
u.o  5.0  e.o  7.0  e.o  s.o  lo.o  u.o 


J (E>EO  MEV)  (PROTONS/SOCM/DflY) 


SPECTRAL  PROFILE  IRflS  600  KM  80DEGR 


600KM  CIRCULAR 


EO  (MEV) 


(E>EO  HEV)  (ELECTRONS/SQCM/DflY) 

«.0  5.0  6.0  7.0  8.0  9.0  10.0  11.0  12.0 


IE>EO  MEVl  IPROTONS/SQCM/DflYl 


*^.0  SD.0  100.0  1S0.0  200.0  250.0  900.0  950.0  <100.0  150.0  SDO.O 

EO  (MtV) 


IE>EO  MEVl  lELECTRONS/SOCM/DflTl 


‘^.0  l.O  2.0  3.0  «.D  S.0  e.O  7.0 

EO  (MEV) 


UUO/VOOS/SNOiOUd)  UGM  03<3) 


o 


SPECTRAL  PROFILE  IRAS  1200  KM  800EGR  1200KM  CIRCULAR 


“b.0  80.0  100.0  180.0  200.0  280.0  300.0  380.0  400.0  480.0  SOO.O 

EO  (MEV) 


J (E>EO  MEV)  (ELECTRONS/SQCM/DflY) 

2.0  3.0  U.O  S.O  6.0  7.0  8.0  9.0  lO.O  11.0  12.0  13.0 


PERK  FLUX  (E>5.00MEV)  (PROTONS/SQCM/SEC) 

9 2.0  3.0  U.o 


ORBIT  NUMBER 


10.0 


1S.0 


PEAK  FLUX  (E>.500MEV)  (ELECTRONS/SQCM/SEC) 


PEAK  FLUX  IE>S.00MEV1  IPROTONS/SQCM/SECl 


PEflK  FLUX  1E>.500MEV1  lELEnRONS/SQCM/SECl 


PEflK  FLUX  ENC0UNTEFIED  PER  ORBIT  IRflS  900  KM  990EGR 


900KM  CIRCULAR  SOLMflX 


PEAK  FLUX  (E>5.00MEV)  (PROTONS/SQCM/SEC) 


PEAK  FLUX  IE>5.00MEV1  IPR070NS/SQCM/SEC1 


PEAK  FLUX  IE>.500MEV1  lELEnRONS/SQCM/SECl 


(PR070NS/SQCM/SEO 


C^'  Q— 


PEfIK  FLUX  ENCOUNTERED  PER  ORBIT  IRflS  1200  KM  80DEGR  1200KM  CIRCULAR 


fifUAA^ 


LRTITUDE  (OEGR) 

-TS.O  -SO.a  -45.0  -50.0  -IS.O  0.0  IS.Q  50.0  45.0  00.0  75.0  85^ 


LflTJTUDE  iDECfll 

es.o  -75.0  -60.0  -IJ5.0  -70.0  -15.0  0.0  15.0  30.0  U5.0  60.0  75.0  65. 0 


-180.0  -16S.0  -1SD.0  -13S.0  -120.0  -105.0  -60.0  -75.0  -60.0  -US.O  -30.0  -15.0  0.0  15.0  30.0  115.0  60.0  75.0  90.0  105.0  120.0  135.0  ISD.O  165.0  160.0 

LONGITUDE  IDEGR) 


IRRS  900  KM  990EGR  900KM  CIRCULfiB  HfUAa.^ 


(GRUSSl 


RLUMINUH  DOSE  (RRDS) 

0.0  , 0.0  ,-t.O  0.0  l.O  2.0  3.0  U.O  5.0  6.0 


fV^UA4  ^ 


-0.00  0.01  0.02  0.03  0.04  0.05  0.06  0.07  0.08  0.09  0.10 

SHIELD  THICKNESS  Z (GM/SQCH) 


rnmmm 

mmmmm 

mmmmmmwmmm 

■■■■■■■■ 

mmmmmmmmrn 

0.00 

0.05 

0.10  0.15 

SHIELD 

0.20 

THICKNESS 

0.25  0.30 

T (MM) 

0.35  0.40 

vJMMMNM 

MM  MMMi  MMM  MMM  M 

MNMMNNNHH 

MMMMMIMMNiMM 

MMMMMMMMMNkI 

.0  1.0 

2.0  3.0 

4.0  5.0  6.0  7.0 

8.0  9.0 

10.0  11.0  12.0 

13.0  14.0  15.0  16. 

SHIELD  THICKNESS  T (MILS) 


-0.0  10.0  20.0  30.0  Ito.o  SO.O  60.0  70.0  80.0  80.0  100.0  110.0  120.0  130.0  IdO.O  ISO.O  160.0 

SHIELD  THICKNESS  T (MILS) 


ALUMINUM  DOSE  (RADS) 

2.0  3.0  4.0  S.O  6.0 


DOSE-DEPTH  CURVES  •«  IRAS 


SHIELD  THICKNESS  Z (GM/SQCM) 


MM 

HHHHIi 

NHIHHi 

mmmmm 

mmmm 

MMMMM 

HMIMMM 

5.00 

10.00 

15.00 

SHIELD 

20.00 

THICKNESS 

25.00 

T (MM) 

30.00 

35.00 

40.00 

i^lllilllii 

MMMMMMI 

MMMMMMI 

MMMMMI 

MMMMMM 

1 MMMMMM 

0.0  100.0  200.0  300.0  400.0  SOO.O  600.0  700.0  800.0  900.0  1000.0  1100.0  1200.0  1300.0  1400.0  1500.0  1600.0 

SHIELD  THICKNESS  T (MILS) 
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FIGURE  61 
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FIGURE  63 


THE  IRAS  RADIATION  ENVIRONMENT 
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THE  IRAS  RADIATION  ENVIRONMENT 

MOST  SEVERE  PASS  THROUGH  THE  SOUTH  ATLANTIC  ANOMALY 
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FIGURE  65 


THE  IRAS  RADIATION  ENVIRONMENT 

MOST  SEVERE  PASS  THROUGH  THE  SOUTH  ATLANTIC  ANOMALY 
INSTANTANEOUS.  INTEGRAL  OMINIDIRECTIONAL,  TRAPPED  PROTONS* 
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ALTITUDE;  900  KM 


Inner  Zone  Model:  AE6  (Solar  Max) 

Outer  Zone  Model:  AEI7-HI 


ALTITUDES  900.0  ENEHCYs  0.2S3  ELECTRONS 
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